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GALVANOMETER SENSITIVITY 
SAFEGUARDED 


The accuracy of any Recording Potentiometer Pyrometer depends 
largely upon the responsiveness of the galvanometer—that is why 
the Brown Galvanometer is enclosed in a separate housing protect- 
ing it against air currents, dust and dirt that would otherwise affect 
the accuracy. 

The Brown Galvanometer is responsive to minute temperature 
changes as small as a fraction of a degree and makes possible an 
extreme accuracy of | /5 of 1%. 

You may think your temperature processes do not need such ex- 
treme accuracy today, but competition in industry is constantly de- 
manding more precise manufacturing methods. Recognizing this 
trend, progressive industrialists in increasing numbers are turning to 
Brown Potentiometer Pyrometers. Brown Potentiometer Pyrometers 
have the accuracy combined with ruggedness, that will be demand- 
ed in the future. Why not obtain this advantage today? 

Write for Catalog No. 1101 
THE BROWN INSTRUMENT COMPANY 


4482 Wayne Avenue Philadelphia, Pa 
Branches in 22 Principal Cities 


BROWN POTENTIOMETER PYROMETER 


Brings Laboratory Accuracy to Industry 
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Monet 705 
Weston Sensitrro: RELay 


—makes contact on values down 
to 2 microamperes. Employs a 
new patented contacting method 
which assures perfect contact. 


a wstrumenls 


Complete data on 
a On 


Sensitive and Power 
RELAYS 





Here is a booklet which illustrates and describes in detail the full line of 
Weston Relays . . . the most comprehensive line of related relays ever 
offered for problems of industrial control. It includes various forms of 
sensitive relays ... time delay relays . . . power relays for handling upward 
of several kilowatts .. . toggle and polarized relays ... and Sensitrol relays, 
which are small, sensitive contact-making indicators. 

Of particular interest is the chapter on Sensitrol relays. These small 
contact-making indicators are capable of making contact on values down 
to 2 microamperes or '4 millivolt . . . operating and controlling directly 
from photocells, thermocouples, resistance thermometers and similar gen- 
erators of minute energy. The contacts are capable of handling five watts 
at 110 volts, non-inductive load. They are furnished with single fixed con- 
tact, single adjustable contact, or double adjustable contact. 

Somewhere in this booklet, you may find a practical solution to your 
problems, whether they include the control of temperatures, chemical pro- 
cesses, voltages and currents, alarm systems, etc. Be sure to send for your 
copy today . . . Weston Electrical Instrument Corporation, 591 Freling- 


huysen Avenue, Newark, N. J. 
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HOW CAN 






PLANTS BE SURE OF 





TEMPERATURE 






CONTROL 





Essential industries today provide the 
accurate, efficient and economical con- 
trol so vital to product quality and low- 


cost operation—with Taylor Instruments. 


jg ae before in the history of industry has 
the need for precise temperature control been 
so vital. And now manufacturers are taking greater 
steps to provide themselves with this protection. 

For example, take the Hoffman Beverage Com- 
pany’s new brewery in Newark, N. J., which was 
designed to contain only the most modern equip- 
ment. Here the Nathan System of brewing is in 
operation, the first installation of its kind in the 
country. With this system it is especially im- 
portant to have complete and accurate tempera 
ture control. And Taylor Instruments work day 
and night throughout this entire system. 

No matter what you produce whether you 
bake bread, refine oil, weave clothing, can foods, 
or make paper, complete temperature control is 
vital in helping to speed up production, decrease 
errors, and maintain the high quality of your 
product. Whether your problem is one of tem 


This photograph shows Taylor Instruments for cooling-liquid 
temperature and return pressure control. Both are installed in the 
refrigeration room of the Hoffman Beverage Company’s brewery. perature, pressure or flow control, Taylor engi- 


neers can design an efficient and economical sys- 
tem to meet your peculiar needs. 


Are you getting the full benefits from tempera- 





ture control in your plant? At your request, Tay- 
lor will send a representative to make a survey of 





, sent instrument set-up, and make he 
Veeseeteee . BecoRkbina - CONTROLLING your present instrume t set- Ip, anc nake helpful 
suggestions as to your possible needs. Now is the 


TEMPERATURE , PRE SSURE and time to know those needs. Write for all information 
: FLOW INSTRUMENTS to Taylor Instrument Companies, Rochester, 


N. Y., or Toronto, Canada. 
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EDITORIAL COMMENT 


In This Issue 


The technique of high vacuum demands 
on the part of the operator a sound 
knowledge of fundamentals and a high 
degree of skill in applying them. Know- 
ing that many /nstruments readers are 
interested in vacuum apparatus, we had 
been looking here and there for someone 
to write an article of practical value. 
Success! Here it is, beginning on the fac- 
ing page and overflowing four pages. 


It always gives Instruments pleasure 
to publish—and Instruments readers 
pleasure to read—articles describing the 
application of automatic control to proc- 
esses and operations previously “all man- 
ual.” The assorting by weight of large 
steel sheets was all a series of tiresome 
handlings until F. S. Miller made it auto- 
matic at Wheeling Steel. Thanks to the 
National Scale Men’s Association we are 
able to have him tell you how he did it. 


C. H. Gibbons continues his well- 
written history of materials testing ma- 
chines. Last month, in his first install- 
ment, he traced their origin across the 
Atlantic. Now, he mentions the famous 
Philadelphia machine, and brings out the 
surprising fact that it is the oldest in 
the world in serviceable condition. 


In this month’s instalment of the elec- 
trical measurement series, recording in- 
struments of direct-acting (or direct- 
deflection) types are taken up, after a 
general discussion of all electrical re- 
corders. 


Again an extraordinary variety of New 
Instruments. 


A full page of manufacturers’ new 
booklets (page 269). 


Ditto of book reviews (page 270). 


The Front Cover 


In August of last year we printed an 
article on Modern Brewery Instrumenta- 
tion wherein the processes were discussed. 
It seems that modern breweries take 
great pride also in the appearance and 
efficiency of their power plants. Certain- 
ly this is a fine-looking control board 
which the Brown Instrument Co. installed 
at the Theodore Hamm Brewery in St. 
Paul. 


The Counter Reads 


|00084 | 


In calling attention to the fact that 
Instruments now ends its seventh year, 
we make only two brief comments: (1) 
If it were not for the growth of interest 
in Measurement and Control, we could 
not have survived. (2) This growing in- 
terest indicates that although the finan- 
cial structure of industry is still shaky, 
its foundation of enlightened striving for 
progress remains as solid as ever. We in- 
vite comments from both old and new 
readers. Are we giving you exactly what 
you want? What improvements (within 
reach, of course) would you suggest? 
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Defend Science and Industry! 


REEDOM of expression being a cherished American institution, 

there is no legal way of muzzling anti-science and anti-machine 

agitators. To be sure, those of us who know that research, develop- 
ment and technical progress in general contribute to human welfare 
enjoy an equal right to utter our views; but too many of us fail to 
exercise this right. Too many of us yield the floor to cunning prejudice- 
inciters. Too many of us believe that tax-payers possess enough com- 
mon-sense and command enough influence to prevent the passage of 
anti-machine legislation. 

Instruments believes that this sense of security is: ‘unfounded: in our 
opinion the danger of a new kind of “Prohibition” ‘is imminent. Con- 
gress has not yet enacted measures specifically naming labor-saving 
devices as illegal, but an ominous start has been made by NRA officials 
toward limiting machine hours and opposing the purchase of modern 
equipment, while CWA officials all over this country are reported to 
have carried technophobia to absurd limits: paying hundreds of men 
to do the work of power shovels, crushers and conveyors which are 
made to stand idle while their operators (supreme irony!) are given 
hand shovels and hand sledges and wheelbarrows. 

We have previously uttered similar warnings on this page, only to 
be told that the prejudice-inciters’ appeals to emotions can’t be fought 
with cold appeals to reason. Very well: even if voters in the mass are 
of infantile mentality they can nevertheless be swayed by object-les- 
sons. 

One such object lesson has just closed in New York: the Exposition 
of Power and Mechanical Engineering. Another is about to open in 
Pittsburgh: the Science Exposition at the Mellon Institute.* The one 
has been, and the other will be, viewed by non-technical citizens and 
be written up in some newspapers. The Century of Progress Exposi- 
tion at Chicago is over, but all-year-round object lessons are being 
given at the Museum of Science and Industry in New York, at the 
Franklin Institute in Philadelphia and at kindred museums in several 
other cities. 

Another way of influencing people is over the radio. The Science 
Service Radio Talks represent a splendid beginning. We say a begin- 
ning, for the listeners are few in comparison to those who tune in 
regularly on sermons—and it is a deplorable fact that some of the most 
popular radio preachers are poisoning the minds of simple folks with 
anti-science virus. We recently heard one (whom we respect highly) 
declare that the killing of sixty-two worshippers in the Church of St. 
Gervais on Good Friday 1918 by a single “Paris Gun” shell repre- 
sented the highest achievement of modern science. 

‘As for newspaper editors, most of them play up the “technological 
unemployment” bugaboo, delight in printing local anti-science and 
anti-machine talks, kill all but the sensational news items pertaining 
to engineering progress, and run pseudo-science features which do 
more harm than good. 

We must not “take it on the chin and lie down.”” We must enlighten 
those who mold public opinion. No use wasting effort on prejudice- 
inciting racketeers. Many honest bigwigs who inveigh against tech- 
nological progress, however, could be converted. 

Among these bigwigs—incredible as it seems—are some manufac- 
turers! Yes, self-satisfied industrialists who not only veto purchases 
of instruments and control systems in their own plants but—we are 
informed—beg the NRA to forbid their purchase by other plants in 
the industry, on the grounds of “unfair competition.” Here is a chance 
for personal missionary work by Instruments readers who are itching 
to “do their part” in the defense of science and industry. For Instru- 
mentation is the eugenic marriage of science and industry—in which 
both rejoice, and of which a higher standard of living is the first 
offspring. M. F. Benar 


*Instruments will occupy Booth 21. 








Production and Maintenance of Vacuum 
in the Cathode-ray Oscillograph 
and Similar Apparatus 


By F. R. BENEDICT* 


ACUUM chambers to be evacuated are connected 

to pumps and low-pressure gages by hollow con- 

ductors through which the gas in the chamber is 
removed. These conductors may have valves, cutoffs, 
solid and flexible sections, a number of joints as glass- 
to-glass, glass-to-metal, glass-to-rubber, metal-to-metal, 
metal-to-rubber and a variety of cone joints and vacuum 
seals. Frequently, the principal vacuum chamber contains 
apparatus which must be adjustable from the outside of 
the chamber. All joints and the attached system must be 
kept so that the system may be readily evacuated. The 
working pressure of a cathode ray oscillograph is about 
5 microns (5 < 10° mm.); the working pressure of a 
mercury arc rectifier is about 5 microns or less. Such 
pressures must be maintained over long periods of time. 
The pumping system must have both high capacity and 
high efficiency. 
In general, the 
requirements and 
conditions for 
production and 


where the pressure is reduced from P, to P, in time ¢, 
and where V is the volume of the vessel or apparatus in 
ec. P, and P, and p may be defined in any arbitrary 
units of pressure. Gaede has defined S as the pump speed 
in cc. per second. Theoretically, there is no limit to the 
final pressure, p, which may be attained with a mercury 
diffusion pump. 
If p, = 0 then 
V Fs 
S = — log — 
é.. P, 
When the pump has lowered the pressure so far that the 
limiting value is approached, the rate of exhaustion de 
creases even though the speed, as defined by Gaede, re 
mains the same. 
Langmuir gives the speed of exhaustion (F) as 
V’ dp 
E 
P dt 
If the limiting 
pressure of the 





maintenance of 
vacuum hold true 
for various types 
of vacuum appa- 
ratus which many 
Instrument read- 
ers work with. 


Pumps 


The satisfac- 
tory operation 
of any system 
requires an effi- 
cient pumping 
arrangement. 
The principle of 
all exhaustion 
pumps is the 
transference of 
gas from a low 
pressure space to 
a higher pressure 
space, the latter being known as the exhaust side. As 
this action proceeds, the low pressure side is gradually 
exhausted while on the exhaust side pressure is built up, 
unless the pump exhausts to the free atmosphere. Such 
pumps are governed by three factors: (a) * «ck pressure; 
(b) speed of pump; and (c) degree of vacun. btainable. 

The back pressure is simply the pressur: a the ex 
haust side. The speed of the pump is deter: ed by the 
volume, the change in pressure over a period of pumping 
time, the time of the pumping interval and the final 
pressure obtainable by means of the pump. The simple 
equation for pumping speed is given by the equation 

Resin (Pi — Po) 
to (P, — Po) 


*Laboratory Engineer, Westinghouse Elec. & Mfg. Co., East Pitts- 
burgh, Pa. 


(A) Cathode-ray Oscillograph 





TWO TYPES OF APPARATUS WHERE VACUUM IS IMPORTANT (Westinghouse) 


a ee 


pump is Po, the 
speed of exhaus 
tion decreases as 
P approaches p 
and is zero when 
p Po- 

If the exhaust 
pressure rises 
above a certain 
critical value, 
satisfactory ex 
haustion ceases. 

The attainable 
vacuum depends 
on full advantage 
being taken of 
the speed of the 
pump, so that 
large-bore tubing 
must be used. 
(Discussed be 





(B) Mercury-arc Rectifier 


low. ) 

Vacuum pumps may be divided into three general 
classes according to their principle of operation. They 
are (a) rotary oil pumps, (b) mechanical molecular 
pumps and (c) diffusion pumps. 

Oil pumps are used as backing pumps for the me 
chanical molecular and diffusion pumps. They are de 
signed to exhaust into the air at atmospheric pressure. 
The rotary oil pump is an application of an old principle 
of pump construction, that of a solid cylinder mounted 
on a shaft so as to rotate eccentrically within a larger 
hollow cylinder. In the Gaede design of pump, contact 
is maintained between the rotor and cylinder by means 
of one or more vanes inserted in slots in the rotor. Con- 
tact is made by centrifugal force or by springs. Fig. 1 
shows a pump of this type, capable of producing a 
vacuum of 10° mm. 
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TYPES OF VACUUM PUMPS 


Fig. 1 Single- 
Stage Gaede type oil 
pump with motor 
(Westinghouse) . 


(Micali 
1A af WWW WO) 

















Fig. 2 (above). 
Double-stage rotary 
oil pump (Central 
Scientific Co.). 








Fig. 3 (below). 
Mechanical molecular 
rotating-drum pump 
(Westinghouse) . 








While the Cenco Hyvac pump, Fig. 2, employs the 
same principle as the Gaede pump, its vanes are mounted 
on the stationary cylinder. They are free to move up and 
down on the rotor and are placed between the low- and 
high-pressure points. The pump is built with two rotors, 
so angularly arranged on the shaft that one acts as a 
backing pump for the other. The rotors and cylinders 
are mounted in an oil bath for lubrication and sealing 
purposes. The pump is capable of producing a vacuum 
of 10° mm.* and has a capacity of 6 liters* per minute, 
exhausting to atmosphere. 

When pressures lower than 10° mm. are desired, two 
pumps are placed in series. The usual arrangement for 
a cathode ray oscillograph system is a mechanical mole- 
cular pump in series with a rotary oil pump. Such an 
arrangement may be made quite compact and portable. 
It may be desirable to use a mercury diffusion pump in- 
stead of the mechanical molecular. The power and water 
required for a mercury pump make it slightly less con- 
venient, particularly where the apparatus is to be moved 
occasionally. 

Mechanical molecular pumps are of the rotating drum 
or rotating plate type. A pump of the Holweck type is 
shown in Fig. 3. The rotor revolves at high speed inside 
the large cylinder, the clearance between them is very 
small, 0.002 in. or less, and a continuous helical groove 
is cut in the rotor. Air molecules, entering the low- 
pressure end of the pump, acquire velocity in the direc- 
tion of rotation upon striking the moving cylinder and 
are thus virtually driven from one end of the pump to 
the other along the helical groove. The pumping speed 
is about 1500 cc. per second at 3200 rpm. Below 2800 
rpm. the pumping speed drops rapidly so the pump 

*Eprror’s Note. In a table of vacuum pump characteristics published 
by the manufacturers, we find six models of the “Hyvac”’ pump, the 


attainable vacuum of all being given as 4 X 10-4 mm., and their capaci- 
ties ranging from 8.9 to 10.4 liters per minute. 
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Fig. 4 (at right). 
Rotating-plate type 
(Central Scientific 
Co.’s ‘‘Aristovac’’). 





must be kept in good condition at all times. The me- 
chanical molecular pump requires a fore vacuum of 
about 10° mm. This fore vacuum is obtained by a single- 
or two-stage oil pump. A tight, gas-free system may 
be pumped down to 10° mm. with the two pumps op- 
erating in series. 

Rotating-plate mechanical molecular pumps operate on 
the same principle as the rotating drum type; see Fig. 4. 
They can be designed to have high pumping speeds, 
2000 cc. per sec., and will evacuate to the same order 
of pressure, 10‘ mm., as rotating drum types. 

Both the rotating drum and rotating disk pumps are 
subject to bearing friction. Contrary to popular opinion, 
the bearings may be oiled if a good, high-speed bearing 
oil is used. The pumps are designed so that the bearings 
are on the high-pressure end of the pump. Slight oil 
vapors at this position cause no trouble in the system as 
it is quite improbable that they will leak back through 
the molecular pump. For very low pressure work, any 
possible stray vapors from the pumping system can be 
eliminated by a liquid air trap suitably placed in the 
vacuum line. For low pressure work, 10° mm. to 10° mm. 
and lower, a mercury diffusion pump in series with a one-, 
two-, or even three-stage oi] pump, is preferred. The dif- 
fusion pump may be single-, two- or three-stage, depend- 
ing on the requirement of final pressure and pumping 
speed. Fig. 5 shows the inner parts of an all-metal three- 
stage mercury diffusion pump which consists of a mercury 
boiler, a mercury condensing system, a diffusion stage and 
two ejector stages. With a single-stage oil pump of the 
Gaede type as a backing pump, vacuum of 10° mm. is 
readily obtainable if the vessel or apparatus being evacu- 
ated is small, gas-free and tight. The pumping speed is 
from 4 to 5 liters a second under normal conditions. Most 
of the common mercury diffusion pumps work on the 
same principle and differ only in mechanical construction. 














Vacuum Gages 


If a pumping system has 
been chosen for a particular 
vacuum application, it is de- 
sirable to measure the pres- 
sure at many or all stages 
of an evacuation process. 
Four of the common methods 
available for measuring low 
pressures are: (a) the glow 
discharge gage, (b) the Me- 
Leod gage, (c) the Pirani 
gage and (d) the ionization 
gage. 

The glow discharge gage 
is simply a glass tube, sealed 
to the system, in which a 
cathode and anode have been 
placed. If high 
voltage d-c. or 
interrupted d-c. 
is placed between 
the cathode and 
anode, the char- 
acter of the dis- 
charge will 
change as the 





pressure is re- 
duced. The char 
acter of the dis- 
charge may be 
calibrated quite 
accurately against pressure (see reference 4). 

Cathode ray oscillograph vacuum can be 
judged at any time without trouble because 
the cathode tube, an integral part of the in- 
strument, is a form of glow discharge tube. 
This type of gage fails at about 2 microns, 
as the gas at this pressure almost totally 
ceases to conduct, even with thousands of 
volts between the cathode and anode. 

The McLeod gage employs the ‘‘compres- 
sion manometer” principle and hence is a 
“primary” instrument in the sense that it is 
possible to construct and calibrate one with- 
out reference to another pressure instrument. 
It finds application in almost every line of 
vacuum work and, if operated correctly, is 
capable of high accuracy. Fig. 6 shows the 
Cenco design of McLeod gage for high vacua. 
Fig. 7 shows a McLeod gage constructed for 
rectifier work. It is of the improved Gaede 
type in which the mercury column is elimi- 
nated by evacuating above the mercury pool, 
and is designed for measurements down to 
i0* mm. It is possible to estimate the pressure to 104 
mm. By proper proportioning of the capillary tube and 
bulb volume, the gage can be designed to measure pres- 
sures to 10° mm. Pressures of 10 “ mm. can be estimated. 
For low pressures it is absolutely essential that the air 
admitted to the McLeod gage be dry and free of con- 
densible vapors, particularly water vapor. The mercury 
must be kept very pure and free of contamination at all 
times, as the capillary tube fouls easily. 





Fig. 5. Inner parts of three- 
stage all-metal mercury diffusion 
pump (Westinghouse). 








The Pirani gage employs an electrically heated fila- 
ment, enclosed in a glass bulb which is connected to the 
vacuum being measured. The presence of gases in the 
bulb affects the rate at which heat is lost by the filament, 
and hence its temperature. The temperature change is 
measured by using this filament as one arm of a Wheat- 























Fig. 6. Upper portion 
of a 5x10-6 mm. McLeod 
gage (Central Scientific 
Co.). 


stone bridge circuit and—as the conjugate arm—the 
filament of a similar bulb evacuated to the approximate 
pressure which is to be measured and sealed off per 
manently. The sealed-off bulb serves as a reference or 
comparison bulb. A set of Pirani gage bulbs is shown 
in Fig. 8. The instrument panels of two Pirani gages 
employed for automatic control of mercury are rectifier 
vacuum may be seen in Fig. B. The pressure changes 
are obtained from readings of the unbalanced bridge 
current which flows through a sensitive galvanometer. 
Each gage is arranged with a relay to de-energize th 
rectifier in case the pressure becomes too high. 

The Pirani gage, being sensitive to gas composition, 
must be calibrated for the gas used. If the gage is used 
on apparatus where the gas may be ionized 
or excited, the gage may be in error as much 
as 5 microns. The excited atoms bring extra 
energy to the filaments, and raise the tem 
perature, which gives the same effect as a 
lower pressure. The gage may be used_ to 


‘ 


measure pressure changes down to 10° mm 
The chief advantage is that it may be mad 
continuous direct-reading, which is desirabl 
in rectifier work. It is equally applicable to 
other types of vacuum work where continu 
ous pressure readings are of value. 

For measurement of very low. pressures, 
10° to 10° mm., some form of ionization 





gage is necessary. A large proportion of 
these gages are of the three-electrode (fila 


= 


ment, grid, plate) type. It has been found 





that if the gas in the gage tube is not suth 
cient to affect the filament activity and the 
plate voltage exceeds the ionization voltage, 
the number of ions formed is proportional 
to the gas pressure and to the electron cur 
rent passing through the gas from cathod 
to anode. The relation of positive ion cur 
rent against pressure is linear down to pres 


sures as low as 10° mm. The gage must be 





calibrated with the gas whose pressure is to 
be measured. A 
knowledge of the 
gas is necessary 
for correct use. 
This gage is 
strictly.a re 
search instfu- 








ment and requires 
an apprentice 
ship to obtain 
consistent and 
satisfactory pres 
sure readings. 
Fig. 9 shows a 


vacuum gage of this type. 





Testing for Leaks 





Vacuum troubles in a 
system may appear without 
warning. Much time is lost 
if a proper procedure for 
locating the trouble is not 
followed through. Inability 
to obtain vacuum may be 
due to three main causes: 
(a) a leak in the vacuum 
system, (b) loss of pumping 
efficiency and (c) gas pro- 
duced within the vacuum 





Fig. 7. A special McLeod gage 
for rectifier work (Westinghouse). 
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system. The amount of leak may be visually tested with 
a glow discharge gage or a McLeod gage. The leak is 
checked with the pumps sealed off from the system. If 
the leak is in the vacuum system and not in the pumps, 
the system is sectionalized and shutoffs placed at the 
section points. The system is then shut off at these points 
in consecutive order. This sectionalizing process will 
usually locate the general position of the most stubborn 
leak. Sectionalized leaks are best located by using the 
glow discharge tube as a vacuum indicator: a swab of 
cotton, saturated with alcohol, ether or other liquid is 
applied to the suspected place on the outside of the 
chamber. The vapor from the liquid will be drawn into 
the chamber through the leak and its presence will im- 
mediately be revealed by the changed color of the dis- 
charge. 

Metal vacuum chambers may 
also be tested for leaks by 
immersing them in water and 
applying air pressure. Small 
leaks show up immediately. 
Leaks in glass tubing systems 
are easily tested with a high 
voltage spark coil: one elec- 
trode is sealed into the system 
and the other is used to ex- 
plore at joints and along the 
tubing. If the exploring elec- 
trode strikes a leak, the system 
glows inside. Leaks many feet 
from the sealed-in electrode 
may be located in this way. 


Care of Pumps 


If vacuum cannot be obtained 
on a tight system the pumps 
should be examined carefully. Bearing friction may 
cause a mechanical rotating-drum molecular pump to 
run slow. For most pumps of this type the drum should 
rotate about 3200 rpm. in air. If the speed is below 
2800 rpm. in air, the pump should be serviced and 
bearings replaced. Oil pumps seldom cause trouble un- 
less they are old and have worn parts. Under normal 
operating conditions the oil should be changed about 
once a year. If the pump is used to pump corrosive 
vapors, the oil should be changed oftener because of 
vapor absorption in the oil. 

Mercury diffusion pumps are quite trouble-free pro- 
vided that the mercury level is maintained, that mercury 
boiler temperature is sufficient, that condenser water is 
sufficient and that the backing pressure is normal. 


Large-bore Tubing Essential 


Pump efficiency is often blamed for long pumping 
times. The trouble, in many cases, can be traced directly 
to the size of the tubing connecting the vacuum chamber 
to the pumps. The effective speed of a pump, especially 
one of the mercury diffusion type, should not be reduced 
more than 25% by connection of tubing. To make this 

D* Diameter* 
possible with such pumps, the ratio of — or 

L Length 
should be about 4. For a tube 40 cm. long the bore D 
should be 5.42 cm. For long lengths of tubing the bore 
must be very large if high efficiency is desired. Efficiency 
is often sacrificed and small tubing used in order to lo- 
cate conveniently the component parts of vacuum appa- 
ratus and to conserve space. The pumping time is thereby 
increased, often many times over that which should be 
required. While there is no theoretical limit to the lowest 
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Fig. 8. Piranl gage bulbs—cover 
removed (Westinghouse). 





pressures obtained by certain pumps, in practice the 
limit of pressure is determined by the bore of any con- 
necting tubing. If the tubing is of small diameter and 
low pressures are desired, pumping time can always be 
shortened by using larger tubing. 


"Gassy'" Systems 


Vacuum chambers which are being pumped out for 
the first time usually gas copiously. The gas is absorbed 
or adsorbed by parts within the chamber. Some cham- 
bers must be pumped for days before all the adsorbed 
gas is pumped out. Gas may also be produced by fluids 
which have been used to clean the chamber or parts 
within the chamber. If it is possible, no liquids of any 
sort should be used inside the chamber. If any must be 
used, ether is preferable. Ben- 
zine should never be used and 
carbon tetrachloride on high- 
pressure sections only. Clean- 
ing fluids should never be 
touched to hard rubber, mi- 

carta, mica or any absorp- 

tive substance within the 
vacuum chamber. Should 
such parts gas, they should 
be heat-treated under vacu- 
um. Repeated airing often 
helps to get rid of gases 
which have been adsorbed 
or absorbed. 
Gas in a cathode ray os- 
J cillograph may make it to- 
tally inoperative. The most 
common gas encountered is 
water vapor from the rolled 
photographic films. Before 
using, these films should be dried in vacuum in the pres- 
ence of phosphorus pentoxide (P,O,) for several hours 
before use in the oscillograph. Occasionally even one that 
has been dried will gas for some time after being placed 
in the oscillograph. Intermittent pumping and airing will 
usually eliminate the trouble. Plenty of drying agent 
should be used in the oscillograph at all times. It is 
cheap in comparison to the value of the time wasted by 
sparing it. 

Phosphorus pentoxide (P,O,;) cannot be used as a 
drying agent on many vacuum systems as the phosphoric 
acid that results when pentoxide dissolves in its adsorbed 
moisture diffuses slightly throughout the volume and may 
attack metal parts and cause corrosion of any exposed 
metal surfaces. This corrosion in the cathode ray oscillo- 
graph has not been found objectionable. It is reduced to 
a negligible factor by lacquering metal parts which are 
not bombarded by the electron beam. Phosphorus is pre- 
ferred in oscillography as it absorbs very rapidly and 
does not coat over and lose its active surface. 

Other drying agents such as activated alumina, silica 
gel and activated charcoal are used on vacuum systems 
where contamination of walls cannot be tolerated. All of 
these substances may be regenerated by heating and used 
many times. For low-pressure work, liquid air freeze-out 
traps are helpful for eliminating condensible vapors: 

Metal vacuum systems, whose parts are subject to 
bombardment by ionized atoms, must be prepared with 
special care. Absolute cleanliness is essential. Cotton 
gloves should be worn at all times to keep perspiration 
and moisture on the hands from touching any internal 
parts. Oil is a particular foe of high vacuum as it gasses 
voluminously on bombardment. All parts which may be 
slightly porous should be heat-treated in vacuum to get 

(Continued on page 256) 
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Fig. 9. lonization gage— 
Found’s design (Dushman). 












































Automatic Sheet Assorting by Weight 


By F. S. MILLER* 


N the manufacture of sheets and tin plate the mills 
are unable to roll uniform gages. As all sheets and 
tin plate are sold on base weights, it is necessary to 

weigh the individual sheets either by the slow method of 
weighing each sheet on a scale by hand or by employing 
women to estimate the weight by picking up each sheet. 
The first method is too slow and costly, and the second 
(while faster) is not as accurate as desired by the manu- 
facturer. In order to obtain both speed and accuracy we 
have developed, constructed and patented an automatic 
sheet assorting machine for assorting tin plate sheets 
varying from 14” wide by 20” long to 30” wide by 40” 
long, in gages ranging from 24 to 38. 

This machine is capable of assorting sheets into three 
weights—light, medium and heavy, the medium sheet be- 
ing the required base weight, at an average rate of 1500 
per hour for sheets 30” x 40” (or 12 base boxes) to 1800 
per hour for sheets 


and lowered by a variable-speed motor and feeds the 
sheets at the correct speed, depending upon the size 
sheets being weighed, upon a constant speed belt con 
veyor C which, in turn, delivers the sheets on to the 
scale table D of the weighing mechanism. 

The feeder in the duplex machine (Figs. 2 and 3) con 
sists of a Dexter feeder A with a lifting and lowering 
conveyor, driven by a variable-speed motor, which feeds 
the sheets at the correct speed upon upper and lower 
constant-speed belt conveyors C and C’ which, in turn, 
deliver the sheets on the upper and lower scale tables D 
and D’ of the weighing mechanism. 

Weighing Mechanism. 
The weighing mechanism 
[ MEDIUM consists of a standard 

SHELT S scales with an inverted 


pointer upon which is 














mounted in the place 
where articles are usually 





14” x 20” (or 16 base 





boxes). The machine 


has been in continuous 
production day and | | nlp [ ] 
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weighed, a scale table the 
belts of which are driven 


| | am by a constant speed motor 
attached to the scale 


4 table. The seales art 























1931 with the excep- 








SHEETS mounted upon a station 





tion of holidays and 
has assorted 29,000,000 
sheets up to May 1, 1934, at a negligible cost of replace- 
ment of parts. 

Feeding Mechanism. The feeder in the single machine 
is composed of a feed roller B (see Fig. 1) that is raised 


*Chief Scale Inspector, The Wheeling Steél Company. 
Presented at the National Scale Men’s Association Convention, Chi 
cago, June 12-13-14, 1934. 





Typical View in Jobbing Mill, Wheeling Steel Corp. 


ary base. The movable 
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the seale levers J of the 
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Typical View in Sheet Mill, Wheeling Steel Corp. 
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ing upon whether the sheet is a light, medium or 
heavy one. The three stationary electric contacts, which 
require close adjustment in order to get accurate weights, 
are raised and lowered by means of a small hand- 
operated gear reducing unit located on the stationary 
base. The scales have <n inverted pointer permitting the 
operator to check the performance of the machine. 
Discharge Mecha 
nism. The discharge 
mechanism consists of 
three steel rollers K-1 
rotating in a left hand 
direction, three steel 
rollers J-/ rotating in a 
forward direction and 
three steel rollers L-1 
rotating ina right hand 
direction, mounted one 
above the scale 
belts and driven 


inch 
table 
by one constant speed 
motor G. Mounted di 
rectly above each set 
of three 
are magnets A, J and 


steel rollers 
High Finish Sheet Storage 
L whose circuit is ac Wheeling Steel Corporation 


tuated by electric con 





When a magnet is energized the lamp T (Fig. 3) 
lights, showing the operator that the magnet has func- 
tioned and, by looking in the mirror at the pointer, he 
can see if it has functioned correctly. 

If the next sheet is a medium one its weight moves 
balancing lever J, causing it to first close the light weight 
contact F but, as the sheet has not intercepted the light 
source S of photoelectric relay H, the light 
magnet J is not energized, the scale lever 
continuing to move next causes the medium 
contact G to close and, if it is closed when 
the sheet intercepts the light S of photo- 
electric relay H causing it to close, the 
medium or left hand magnet K is ener- 
gized, which magnetizes the three. left 
hand rotating rollers K-17 which lift the 
sheet from the running scale table D and 
discharge the sheet to the left into a chute 
or piler 0. 

If the next sheet is a heavy one, weigh- 
ing more than the tolerance required, it 
will move the balancing lever J, closing 
both the light contact and medium con- 

tact G, but as the 








c’ sheet has not inter- 
ie — cepted the light source 
a’ S of photoelectric re- 


lay H, the circuit is 





not completed and the 





tacts Ek, F and G on re . 
the scale levers and photo- _. (@) 
P) S 


electric relay H. Ball bear- 
ings are used throughout the 
machine. All the machinery 
is carried on one rigid struc- 


light and medium mag- 
nets are not energized. 
The lever con- 
| tinuing to move, next 


scale 














tural steel framework, thus 


making it portable. Each one Fig. 2 
of the three motors P, Q and 
R have their own separate 
switch and starter and a sep- Fig. 3 


arate switch feeds the three 


cause the heavy con- 
tact F to close, and if 
Jol sizers | 21 it is closed when the 
sheet intercepts light 

source S (causing pho- 

toelectric relay H 








magnets. An indicating lamp 
is mounted on top of the 
discharge mechanism which 
lights each time a magnet is 


energized. 4 























Operation 

When a single machine is 
used the pile of sheets to be weighed is placed on table 
A (Fig. 1) and fed by an operator one at a time between 
feed roll B and roll B-1 of conveyor C, feeding it at the 
proper rate upon conveyor C, which delivers the sheet 
upon the running scale table D. 

The scales are set to a predetermined weight so that 
the correct weight sheet will bring the scale pointer 
to the zero mark. If the tolerance on the sheet is, say 
two ounces minus and plus, the light and heavy contacts 
are adjusted to operate when the weight differs from that 
amount. When the sheet is delivered upon the running 
scale table D its weight begins to move the scale lever I 
(Fig. 2). If the sheet is a light weight one, weighing less 
than the two-ounce tolerance, scale lever J moves auto- 
matically only enough to cause the light weight contacts 
E to close the circuit to the middle or light weight mag- 
net J. In series with this contact E is photoelectric relay 
H which operates, when the sheet intercepts its light 
source S, completing the circuit to the magnet, causing 
it to magnetize the rotating rolls J-1 (Fig. 3) which lifts 
the sheets from the scale table D (Fig. 2) and discharges 
the sheet forward into a chute or piler N (Fig. 1), thus 
allowing scale table D to return to its off position ready 
for the next sheet. 
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to close) it will 
complete the circuit 
2 eel + |4"| to the heavy, or 
2’ right hand magnet 
SHEETS L, causing it to 
magnetize the three 
right hand rotating 
Nid rollers L-1 which 
- lift the sheet from the scale 
CA MM , 
"| meavy Ca table D and discharge the 


sheet to the right onto a 
chute or piler M. 

The contacts FE, F and G are interlocked so that 
when any one is closed the circuit is opened on the 
other two, thus preventing more than one magnet being 
energized at one time. 

We now have duplex machines in operation (since 
October 1933), that have a capacity of 3400 sheets per 
hour, operated by one operator. 
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Materials Testing Machines 


An Account of Their Development, with Special Reference to the Tension-Compression-Transverse Group 


By C. H. GIBBONS* 


Early in 1817 George Rennie (1791-1866), son of the 
elder John Rennie (1761-1821), built a testing machine 
essentially the same as that of Gauthey (Fig. 3) and 
that of Perronet (Figs. 6 and 7), having an iron lever 
of 10 feet length with a hardened steel insert at the 
point of application of the load to the specimen, and 
having a pin in the lever for a fulcrum. This machine 
had a ratio of 24 to 1, and while its capacity is unknown, 
the tabulated test results show loads up to 25,000 
pounds.”* Specimens were 6 inches long and 1,” square. 
’ Rennie also built a torsion testing machine having a 
24” wrought iron lever with quadrant and a maximum 
torsion loading of about 500 inch-pounds. 

About 1825 Lagerhjelm, for the School of Mines, 

Stockholm, conducted experiments on a 7-ton horizontal 
machine*’ which employed an hydraulic ram for load 
production and for absorption of the strain, and meas- 
ured loads by weights on a lever having a right angle 
bend, the short arm being vertical and the long arm hori- 
zontal.\Basically, the construction was that of the Wool 
wich machine and that of Kirkaldy at The Grove, South 
wark Street, London, S.E., both of which are to be 
described later in this account. 
“ An early testing machine of large capacity was the 
130-ton (291,200 Ib.) vertical at the Cyfarthfa [ron 
Works, Merthyr Tydvil, Wales, which was built to the 
designs of the Works Engineer, Mr. William Williams 
(Fig. 9). It was put into service in 1829 and was used 
for testing riveted joints; lap, single and double butt, 
and for testing 2” square iron bolts, some of which 
showed the unusual breaking stress of 30 tons (67,200 
lbs.) per square inch. J. H. Wicksteed, of Leeds, Past 
President, Institution Mechanical Engineers, says (1906) 
of this machine that it was “the very first testing 
machine ever constructed to combine the same essential 
principles as the most approved and modern machines; 
namely, hydraulic power for strain in the specimen and 
dead weights acting through levers with knife edge 
fulcra for measuring the load.””’ , 

*Baldwin-Southwark Corp., Philadelphia, Pa. 

28Transactions, Royal Society, 1818, part 1. Philosophical Magazine, 


Vol. 53, 1819, page 161. 
29Described in Jernkontorets Annaler, 1826. 


Fig. 9. 130-ton vertical 
testing machine designed and 
built at Cyfarthfa Iron Works, 
Merthyr Tydvil, by W. Wil- 
liams, in 1829. 















































PART TWO 


A remarkable series of experiments by a sub-committee 
of the Committee of the Franklin Institute of Pennsy! 
vania on the Explosions of Boilers (at the request of the 
Treasury Department of the United States) was carried 
out between 1832 and 1837. 4t was necessary that a 
testing machine be built—one of the first, if not the very 
first to be made in America.* This machine is shown by 
Fig. 10. While its capacity was not stated, the maximum 
recorded load (from the tabulations) was 21,000 Ibs., 
the lever ratio being 30 to 1. It was constructed of 
heavy oak timbers and had a working space of 60” long 
by 141,” wide. Load was applied by adding weights to 
the scale pan. The screw was used, generally, only for 
counteracting strain. 

The fulerums of the lever were not knife edges and 

it was, therefore, necessary to correct for friction, After 
very careful experiments it was found that it was neces 
sary to apply 59% of the observed load to friction, so 
that in all cases 959% of the observed load was taken as 
the actual load. 
“In all, hundreds of tests on cast iron, wrought iron, 
copper and cast steel were made with the greatest of 
care. Investigations as to the effect of temperature on 
the tensile strength of metals were carried out with a 
care and with an ingenuity which is surprising. ‘Tempera 
tures up to 1,317° F. were used, the specimens being 
immersed in molten tin. 

No less remarkable were the methods of measuring 
temperature. Mercury thermometers were used up to its 
boiling point, about 675° F. Above this temperature an 
ingenious steam pyrometer was employed. This instru 
ment was based on the principle that a body of known 
weight and specific heat will evaporate from a body of 
water already in ebullition an additional quantity of 
water vapor proportional to its own temperature drop 
(to 212° F.). This body was placed in the molten tin 
bath, removed to the steam pyrometer, and the vapor 
evolved was weighed on a very carefully made balanc 
so graduated as to read directly in degrees Fahrenheit. 








Fig. 10. Machine for proving tenacity, used by Franklin Institute in 1832 


The use of this pyrometer, of course, required that a 
definite knowledge of the specific heat of the body and 
the latent heat of water vapor be known. Elaborate and 
extensive tests were made to determine these factors. 

For the measurement of strain, tests were made to di 
termine the elasticity of the frame and parts of the ma 
chine itself. Correction was then made on the test results, 


*This machine is intact and in serviceable condition in the museum 
of the Franklin Institute, Philadelphia. It is probably the oldest t 
machine in the world to-day 
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Fig. 11. The famous 100-ton Woolwich testing machine of 1833. 




















Fig. 12. Pumps used for pressure supply te 100-ton Woolwich testing machine 
shown In Fig. 11. 


which were measured by the deviation of the index of 
the lever from a zero position. Since the point of the 
stylus was 123” from the fulcrum and the length of the 
short arm was 2.914”, there was a multiplication of 
strain of about 40 times, and a strain of about 0.001” 
could be measured. In addition, an ingenious proportional 
divider with vernier scale permitted reading distances to 
about 0.601”.*° 

In 1832 the famous 100-ton (224,000 lbs.) Woolwich 
Testing Machine was constructed by Messrs. Bramah, 
of Pimlico, London.”* This machine is shown in Fig. 11, 
and was put into service in 1833. It had two side rails 
of cast iron, cast in 914-foot sections and was 1041% ft. 
overall. It was built primarily for chain cable testing 
and was, therefore, narrow, being about 31” between 
side rails. The piston was of two diameters, 1014” and 
514”, and leather packings were used. The piston was 
returned to initial position by rack, pinion and wheel, 
which are clearly shown. The lever weighing system 
having a ratio of 2,240 to 1, had three levers and was 
designed so that one pound in the scale pan produced 
1 ton (2,240 Ibs.) load on the chain. Attention is par- 
ticularly drawn to the ingenious method of supporting 


80Journal Franklin Institute, Second Series, Nos. 19 and 20, 1837. 
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the weight of the first “great lever.” Two auxiliary levers 
with knife edges, one near each end of the hub of the 
great lever, bore on its underside under the action of 
weights at the opposite ends of the levers of which the 
knife edges formed a part. The idea was probably not 
new, as it appears also in the American machine of Fig. 








Fig. 13. The 2212-Ton Testing Machine of Eaten Hodgkinson, 1838. 









































Fig. 14. Apparatus used In Hodgkinson’s experiments on the strength of pillars. 


10. Because of the difficulty of accurate determination 
and maintenance of lever arm length, the scale pan itself 
was adjustable. Calibration was effected periodically by 
a known dead weight of four tons which could be ap- 
plied to the weighing system. The sensitivity of this 
machine is worthy of note as a weight of two ounces 
in the scale pan -ensibly affected the balance, even when 
weighing near to capacity. Conversely, 280 pounds load 
sensibly affected the balance. 

_ It is worthy of note in passing that this machine also 
had a “valve”** *° for indicating the hydraulic pressure 
in the cylinder, but “this serves only to show the great 
defect of such apparatus; for while the lever scale is, 
as above stated, sensible to 280 lbs. (14 ton), the other 
was scarcely moved with a change of 4,480 lbs. (two 
tons), its indications being less and less sensible as the 
strain becomes greater and greater.’’”° 

Hydraulic pressure was applied by an ingenious pump 
having six plungers, two each, respectively 114”, 1” and 
34” in diameter, and having means of rendering, first 
the 114”, then both the 114” and the 1” plungers in- 
operative. All the power, therefore, was concentrated 
on two 34” plungers which at full load developed nearly 
3,500 lbs./in.* pressure. The pump was operated by 
hand and was, essentially, one of the ancient fire-engine 
pumps (Fig. 12). 

This machine was used by Peter Barlow in 1835 for 

his famous experiments on the strength of malleable iron 
for rails for railroads.** 
. About 1838 Eaton Hodgkinson (1789-1861) con- 
structed a lever type testing machine of a maximum 
capacity of 2214 tons (50,400 lbs.) (Fig. 13). This 
machine was adapted for compression only and was of 
the single lever type, the lever being about 14 feet long. 
There was no provision for strain compensation. The 
lever ratio was variable from about 4 to 1, to 7 to 1, 
while the maximum ordinary length of specimen was 60 
inches. It was possible to accept somewhat longer speci- 
mens by extending the support into a pit below floor 
level! On this machine Hodgkinson carried out the fa- 
mous tests on columns on which he reported in Philo- 
sophical Transactions of the Royal Society, 1840. 





31Peter Barlow. Experiments on Transverse Strength and Other Prop 
erties of Malleable Iron, etc. London, 1835, page 22. 





Because of the limitations of the early 

Hodgkinson machine—particularly as to col- 
umn length and as to capacity—he, sometime 
before 1857, constructed another (Fig. 14) 
whose capacity is not known, but on which 
tests up to 136,000 lbs. load were made. It 
was also of the single lever type, having a 
lever of 17’ 6” in length, and a lever ratio of 
8.4 to 1. It accepted columns up to 120 
inches in length and strain compensation was 
effected by a nut and screw.‘It was located 
at University College, London, and the col- 
umn tests made on it by Hodgkinson are re 
ported in the Philosophical Transactions of 
the Royal Society, 1857. 
‘ Prior to 1850, Sir William Fairbairn 
(1789-1874),°° owner of a shipbuilding works 
at Mill Wall, Poplar, London, constructed a 
single lever tension testing machine (Fig. 15) 
having a capacity of about 38,000 lbs., an 8 
to 1 lever ratio and a screw and nut for strain 
compensation. 

On the four machines last described, were 
conducted many of the tests which marked 
the progress of metallurgy in England and, 
to a large extent, in the world prior to 1857.°° 
(To be continued) 


382To Sir Wm. Fairbairn, probably, goes the honor of having first 
made riveted wrought iron beams which he used in the floors of build 
ings as early as 1831. 
33Sir Wm. Fairbairn. Papers on cast iron. Transactions Manchester 
Philosophical Society, 1837 and 1840. 
Tests of Rivetéd Joints. Transactions Royal Society, 1850. 
Strength of Iron at different temperatures. British Association, Re 
ports, 1856. 
Resistance of tubes to collapse. Transactions Royal Society, 1858. 
_ Experiments on resistance to continued alternations of stress. Trans 
actions Royal Society, 1864. 
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Fig. 15. The Testing Machine of Sir William Fairbairn, about 1848. 
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LETTERS TO THE EDITOR 


The reader and the editor of a technical magazine 
may be unknown to each other, yet they are closely 
connected. The reader seeks to learn and benefit by 
the advances in his field of industry. For that reason 
he follows his chosen technical magazine. The editor 
aims to benefit his reader, so you and the editor both 
strive toward a common interest. 

Much is gained by the editor in seeing things with 
the eyes of the reader. So co-operate in your common 
interest with him—WRITE TO THE EDITOR. Let him 
see in your letter the magazine as you see it. If there 


is something you do not like, or do not believe, or per- 
haps do not understand, write to the editor. Tell him 
all about it. In clearing up the matter he may uncover 
something important which is obvious when close at 
hand, but at the reader’s distance is obscure. This 
may be of considerable help to other readers as well. 
To the editor your constructive criticism will be help- 
ful for future guidance, and will be received with 
friendly appreciation. 

Should you miss something in INSTRUMENTS that 
you feel ought to be there, the editor would like to 


hear from you about it. Perhaps other readers feel the 
same lack, then the editor will be pleased to have 
learned what is required of the magazine, and do his 
best to fill the requirement. If it is a matter in which 
you personally want a wider background, the editor 
feels at all times ready to call on all his facilities or 
connections and satisfy your inquiry to the fullest. 

If you know anything new or more advanced about 
subjects discussed in the magazine, write to the editor. 
He will gladly extend your contribution to your fellow 
readers, giving you due credit. 





. . 

A Thermal Type Miles-per-gallon Indicator 
(Jnstruments, Aug. 1934, page 157 
DISCUSSION 

To the Editor: 

I was interested in reading in your August issue, on page 
157, the description of a thermal type miles-per-gallon in- 
dicator. Near the middle of the first column, the statement 
appears, “the generator which has a steep voltage vs speed 
characteristic curve, supplies heat to the flowing fluid in pro- 
portion to the miles per hour.” It is not entirely clear to me 
just what this means. 

If the voltage generated is proportionate to the speed and 
the resistance of the heater is constant, the loss in the heater 
is proportionate to the square of the voltage and therefore 
proportional to the square of the speed. Obviously if this re- 
lation holds that the heat loss in the heater is proportionate to 
the square of the speed, the temperature rise as given in ihe 
thermopile is not a measure of the miles per gallon. 

Perhaps the authors had in mind using a generator in which 
the voltage characteristic is proportionate to the square root 
of the speed, or by some other means made the loss in the 
heater proportional to the first power of the speed. I shou!d 
be very pleased to be enlightened on this subject. 

I have had considerable experience with the use of thermal 
meters for measuring air volumes and I know that there are 
quite a number of detail points that must be kept in mind in 
order to prevent serious errors. It is not entirely clear from 
the description given as to whether the authors appreciate some 
of the points that may arise. A number of them are contained 
in a paper presented before the American Institute of Elec- 
trical Engineers in 1928, page 537, entitled “Thermal Volume 
Meters” by Mr. G. W. Penney and the writer. 

Milwaukee, Wis. Cari J. FECHHEIMER, 
September 11, 1934 Consulting Engineer 


AUTHORS’ CLOSURE 
To the Editor: 

The generator which we propose to use with our thermal 
type of miles-per-gallon indicator is one which will deliver 
electrical energy to a fixed resistance in direct proportion to 
its speed of rotation. The voltage generated in this case would 
vary as the square root of the speed, as Mr. Fechheimer points 
out, or E = ¢ VS where c is a constant. In our statement 
that the generator must have a steep voltage vs. speed char- 
acteristic curve, we had reference to the value of the constant 
c. What we desire is that the rate of change of the voltage 
with the speed will be large so that sufficient energy is pro- 
duced at low speeds to produce a measurable temperature 
difference. 

1708 Cleveland Avenue, 
Whiting, Ind. 
October 23, 1934. 


J. B. Hampien 
W. B. Kay 


Instrumentation Terms 


To the Editor: 

Your editorial in the August issue entitled “Instrumentation 
Terms” brings up in a forcible manner a matter that has been 
considered for some time by the standardizing groups of our 
engineering societies. 

The Instruments and Measurements Committee of the 
A.1.E.E. has a subcommittee on Instrument Standards, one on 
recording instrument standards, and subcommittees on Tele- 
meters, etc. 

There is also a subcommittee working jointly with the sub- 
committee No. 4 of the A.S.A. for definitions on Instruments 
and Testing. 

The A.I.E.E. Standard No. 33 covers electrical measuring 
instruments. This is being re-issued in revised form, including 
much new matter. 
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Standard No. 40 on recording instruments has been pub- 
lished in the form of a “report.” 

Report No. 2 of the A.S.A., printed by A.LE.E., covers 
“American Standard Definitions of Electrical Terms,” includ- 
ing instruments. 

The above would seem to comprise authoritative informa- 
tion for all instrument engineering nomenclature. 

Some of the standard definitions adopted were chosen for 
reasons more or less independent of common usage, the idea 
being to lead to what the committees thought should be the 
best practice. But common acceptance is proving to be of 
greater force than “standardization,” a condition which is not 
peculiar to instruments, but which leads to confusion such as 
described in your editorial. 

Three examples of this condition are outstanding as follows: 

(1) The word “meter” is by above standard definitions 
limited to integrating devices such as “watthour meters.” Gen- 
eral usage, however, employs the word in its broader meaning, 
exemplified in “ammeters,” “voltmeters,” and other indicating 
devices which measure. Usage finds it hard to reconcile the 
acceptance of terms such as “ammeter,” “voltmeter,” “power 
factor meter,” ete. with the “legislated” definition of “meter.” 

(2) The name “recording instrument” as standardized is 
possibly better than “graphic instrument,” but the name 
“graphic” persists in general usage. 

(3) The name “permanent magnet moving coil” instrument 
is rather long, and the generally accepted name is “d’Arsonval.” 

In the case of non-technical language, the leading lexicog- 
raphers seek to determine the existing best usage as exempli- 
fied by the best writers and revise their dictionaries accord- 
ingly. 

But in the case of technical definitions, the situation is dif- 
ferent as nomenclature in the exact sciences must be on an 
exact basis. 

In nomenclature the engineers and the editors are in a prime 
position to direct or guide best usage. This best usage can be 
no other than the standard definitions which were adopted by 
the A. S. A. 

Let us have no more “meter” instead of “instrument,” no 
more “graphics,” and no more “d’Arsonval.” 

Westinghouse Bh. § M. Co. Pavut MacGanan 
Newark, N. J., Nov. 5, 1934 





Production and Maintenance of Vacuum 
(Concluded from page 250) 

rid of adsorbed or absorbed moisture or gases. A satis- 
factory pumping system for metal vacuum systems of 
large volume is comprised of a three-stage mercury dif- 
fusion pump with a single-stage oil pump as a backing 
pump. Evacuation of large volume requires short, large- 
diameter connections and high-capacity pumps. 

The variety of pumps and gages available to the 
vacuum technician allows a selection of the type of 
equipment which will be best suited to the application. 
Troubles that occur must be treated in a logical manner 
so that they may be solved in the shortest possible time. 
High efficiency systems cannot be constructed by guess- 
work; they must be designed by methods which have 
been tested by theory and experience. 
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Recording Electrical 
Instruments te: 


By PERRY A. BORDENt and M. F. BEHAR** 


1. Principal Uses of Recording Electrical Instruments 


(a) Definitions and Scope 

Recorders to be dealt with here are those for electrical measurements in the 
strict sense—‘ recording electrical instruments” as distinguished from “electrical 
recording instruments” which would take in temperature recorders, recording 
tachometers, recording flowmeters and other classes, all discussed thoroughly in 
the other volumes of this Manual. Oscillographs, too, are recording electrical 
instruments, but so highly specialized as to require a separate treatment in a 
subsequent article. The scope of the present discussion thus narrows down to 
the switchboard or portable industrial instruments which can produce a per 
manent record of the value of an electrical magnitude as a function of time 
this graphic record usually taking the form of a curve on a paper chart which 
has time graduations printed on it. Such instruments render extremely valuable 
and greatly diversified services in all branches of industry. In general they have 
two more or less distinct uses, requiring different degrees of accuracy and dif 
ferent operating characteristics. These are (1) statistical and supervisory; and 
(2) establishment of charges for electrical service. A third kind of service, 
related to (1) and (2), is in the power plant. 


(b) Recorders in Statistical and Supervisory Work 

Statistical and supervisory work includes those applications wherein the 
records are used primarily to furnish a general indication of the shape of the 
curve representing the duty cycle of an apparatus under test, a piece of pro 
duction equipment or a department, so that variations may be followed up 
and their significance investigated. While much work of this nature has been 
done in isolated cases, it may truly be said that here is a fallow field for the 
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Fig. 40-1. Record of power consumed in one plant. Fig. 40-2. Record of power consumed in another 
Shaded areas represent ‘‘a loss of 11.8 percent of the plant. Shop employees begin work promptly and do 
productive effort of the employees.’’ (Esterline-Angus.) not anticipate quitting time. (Esterline-Angus.) 


application of recording instruments. A recording ammeter or wattmeter in 
stalled on the circuit to a machine or a department in a manufacturing plant, 
or on a certain feeder or group of feeders, furnishes an example of such an 
application. Peculiarities in the process, normal or abnormal adjustment of ma 
chines, the condition of cutting tools or dies, the falling off of load as quitting 
time approaches and the slow pick-up after work is resumed, and the over- 
lapping of load by machines whose duty cycles might be staggered, are among 
the many subjects which lend themselves to study with recorders so installed. 
Figs. 40-1 and 40-2 will serve to show how the chart from a curve-drawing 
instrument is in every sense of the words a graphic record of plant conditions 

While much of the recording of plant conditions has been done by portable 

S . . 
instruments temporarily installed on the circuits supplying the loads under 
study, some permanent installations of recorders have been made, enabling a 
close and continual supervision of operations. For instance, apparatus for the 
irradiation of milk in dairies includes a recording ammeter as standard equip- 
ment and the surveillance of the process is based on the records from this 
instrument. 

*Twelfth chapter (XL) of Part Seven (Handbook of Industrial Electrical Measurements 
and Control) of Béhar’s Manual of Instrumentation. See editorial announcement of this series on 
page A of November 1933 Instruments. A complete chapter of this new handbook will be pub- 
lished in each issue of Instruments throughout 1934 and 1935. Each chapter is subjected to a 
final revision, and then set in type, shortly before its appearance in this serial form, in order to 
assure that the subject matter is thoroughly up-to-date. This new book is not published serially in 


any other periodical. Entire contents copyright. To be issued in book form on or about Jan. 1, 1936. 
}+Member A.I.E.E. **Editor, Instruments 











A COMPLETE SERVICE TO INDUSTRY— 


Metering, Controlling and Regulating 
Equipment 


—METERS— 


BOILER METERS for recording 
combustion conditions and guiding 
boiler operators. 


RATIO METERS for measuring fuel 
andair to furnaces to guide combustion. 


FLOW METERS for indicating, re- 
cording and in- "gs ee oe 

tegrating the flow 
of steam, water, 
sewage, air, gas 
and other fluids. 






RECORDERS for 
temperature, 
pressure, draft, 
speed and other 
factors. Fluid Meter 


—CONTROLS— 
COMBUSTION control to main- 


<= tain steam pres- 
sure and com- 


bustion economy. 






SYSTEMS to 
regulate pump 
speed, reheat 
temperature, de- 
superheat and 
other factors. 


CONTROLLERS for 
rate of flow,pres- 





> al —___ sure, temperature 
Control Panel and other factors. 
—REGULATORS— 





FEED WATER regula- 
tors for feed water 
to steam boilers. 


PRESSURE regula- 
tors for heating and 
process services. 


DRAFT regulators 
to maintain the de- 
sired draft in fur- 
naces, kilns and 
small steam boilers. 
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Complete information on 
any of the above Bailey 
products will be gladly furnished upon reques?. 


BAILEY METER CO. 


1041 IVANHOE ROAD @ CLEVELAND, OHIO 


Valve 
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THE ACCEPTED 
ENGINE 
INDICATOR 





The engine indicator is now 
the accepted means for the 
study of all pressure conditions 
in internal combustion engines. 
The Direct Pressure Engine 
Indicator is now the accepted 
indicator in laboratories and 
factories making internal com- 
bustion engine history. 


The Research Direct Pres- 
sure Engine Indicator is easily 
installed, easily operated, and 
highly accurate. One diagram 
or sixteen diagrams can be 
drawn on one chart at the same 
time. It will operate at any 
speed yet encountered in inter- 
nal combustion engines. It has 
many other exclusive features. 





Air Flow Indicators 
Dynamometers 
*Engine Indicators 
*Fuel Flow Indicators 
*Magnetic Thickness Gauges 
Proving Stands 
Railway Motor Car Recorders 
Slow Motion Study Equipment 
Sound Indicators 
Speed Indicators and Recorders 
*Vibration Indicators and 
Recorders 


*Some outstanding new instruments 
in these divisions have just been com- 














Such process studies as have thus far been made point to the universal need 
of a broader application of the practice; and there is no doubt that the near 
future will see many permanent installations of inexpensive types of recording 
ammeters or wattmeters furnishing individual records of the performance of 
machines, machine-tools and processing equipment in manufacturing establish- 
ments. 

(c) Recorders for Billing Purposes 

In the determination of demands and the establishment of charges for elec- 
trical service, the application of the graphic instrument is relatively limited; 
but where so used the results are highly satisfying, and the cost of an instru- 
ment of a relatively high degree of precision is justified. In general, it may be 
said that the maximum demand of a power load, where incorporated in the 
contract, may be determined with greater facility from some one of the various 
types of indicating or recording demand meters, while a measure of actual 
energy consumption may be obtained from the registration of a watthour meter 
with less cost, less trouble, and higher precision than by the somewhat laborious 
process of determining the area of the record on a graphic wattmeter chart. 


(d) Power Plant Recorders 


Owing to the widespread interconnection of electric power transmission 
systems, frequency recorders are used today in relatively small numbers; but 
where they are employed their records are usually of sufficient importance to 
justify instruments of a high degree of precision. Though the use of clock- 
controlled or regulated frequency on power systems is becoming almost uni- 
versal, so that the total number of alternations throughout the day is substan- 
tially fixed, it does not follow that the instantaneous frequency is at all times 
constant; and a frequency recorder furnishes a valuable check-up on the efh- 
ciency of the automatic control devices as well as on the alertness and speed 
displayed by the engineers in charge when the automatic devices become 
inoperative. 

While it is desirable that the power factor of a system be known at all 
times, particularly during peaks of load, the recording power factor meter is 
somewhat less important as a piece of switchboard equipment than it was two 
decades ago—probably because in modern conceptions of a-c. power loads that 
magnitude known as “reactive volt-amperes” is generally of more interest than 
is the power factor. Power factor can at any time be derived from the concur- 
rent readings of a wattmeter and a reactive volt-ampere meter; and the latter 
instrument has the great advantage that, while its cost and mechanical structure 
are practically identical with those of a wattmeter, it may be so installed that 
by the turn of a switch* it becomes a wattmeter, furnishing a check on the 
system wattmeter and serving to replace it when it is temporarily cut out for 
calibration, adjustment or repair. 

Recording voltmeter charts give information of great value; and the more 
complete the installation of such instruments the better the check available on 
the regulation of the system. The voltage of a system, unlike the frequency, 
varies from point to point. Voltage records serve as a measure of the adequacy 
of the system to supply the loads demanded of it, and may thus be made the 
basis of remedial measures, as well as a means of settling controversies. 


2. Classifications of Recorders 
(a) By “Grades” 


In the foregoing review of principal uses, the various degrees of precision 
and of accuracy required for different services were mentioned. Herein lies a 
striking difference between indicators and recorders: there are many grades of 
indicators, from some laboratory Standards (error one part in a million) to 
miniature models for automobile instrument boards, etc. (error five percent), 
and any schoolboy could tell which is which; but recording electrical instru- 
ments all come within a narrow grade-class: the lowest-cost portable model 
having an error (at mid-scale) which probably is not more than twenty times 
that of a superlatively built self-balancing recorder—the error of each instru- 


ee ee ment being expressed alike in percent of scale range. This is because there are i: 
practical limits to the attainable accuracy of recorders. 
(b) By Measuring Functions and by Measuring Principles 
COMMERCIAL Recorders may, of course, be classified according to the various electrical 
magnitude which they measure and record. Thus we have recording ammeters, 
ENGINEERING voltmeters, wattmeters and frequency meters as the principal classes, with vari- 
LABORATORIES ous other special-purpose recorders corresponding to other indicators. The 
nate WOODWARD AVENUE authors have decided, however, not to follow this scheme in making up the 
DETROIT, MICHIGAN divisions of a treatment of recorders as recorders. The same applies to a hypo- 
*See Instruments, July 1934, page 142, Figs. 35-9 and 35-10. 
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thetical classification of recorders by classes of measuring elements: indicators 
are divided into four distinct classes, according to the four basic principles, 
namely, (1) electrothermal, (2) electrochemical, (3) electromagnetic and (4) 
electrostatic, but nearly all commercially-produced recorders have measuring 
elements employing some practical application of the electromagnetic principle 
and, as was stated in an earlier article, the measuring elements of electromag- 
netic ammeters, voltmeters and wattmeters need not differ materially in me- 
chanical details. Finally, in considering electrical recorders as recorders, there 
is no need of classifying them and discussing them separately according to the 
kind of current with which the elements operate, namely (1) d.c. only, (2) 
both d.c. and a.c., and (3) a.c. only; although this was necessary in discussing 
measuring elements as such. Sufficient be it to list these as has been done above; 
the reasons for a new basis for dividing detailed discussions will presently ap- 


pear. 
(c) By Measuring Mechanisms 


The measuring elements of recording electrical instruments differ from the 
measuring elements of non-electrical industrial instruments (such as Bourdon 
tube, cylinder-and-piston, mercury-and-float, fly-ball, expanding-rod, etc.) in 
that the actuating force is relatively small. This relatively small mechanical 
force must nevertheless produce a graphic record without undue sacrifice of 
accuracy. 

One solution of the problem is to choose a measuring element of a form which 
provides the greatest mechanical force in proportion to the energy expended. 


TABLE 40-1—CLASSIFICATION OF 
RECORDING ELECTRICAL INSTRUMENTS 





CLass TYPE VARIETY 
Dotting 
Thread 
Intermittent-marking Ribbon 
: Smoked-chart 

Direct-acting 
Spark 

(also known as 

direct-deflection ) 
Ink in pen 


Direct-writing Stationary reservoir 


Photographic 


Electric contact 
Relay Mechanical 


Electronic 


f In this class the varieties do 
not depend on the type of 
relay, most being possible 
with any of the three types 
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Another solution is to make the measuring element’s pointer both long 
enough to swing over a wide chart-scale and light in weight, and to use an 
external source of power to press the tip of the pointer at regular intervals on 
(a) an inked ribbon held over the paper chart, leaving a dark mark on the 
white surface, or on (b) a thin layer of carbon, leaving a white mark through 
the black overlay. 

Another solution is to use a large-size measuring element having a relatively 
short pen-arm, whose mechanical drag will not cause a serious error. 

Another solution is to do away with a pen-arm and have the measuring ele- 
ment command the writing mechanism without any drag at all, through a relay 
and an auxiliary source of power permitting the employment of a motor which 
does the actual work of inking or printing the curve on as wide a chart as may 
be desired. 

Other solutions could be mentioned but it has now become apparent that the 
most logical way to deal with recording electrical instruments is by considering 
the whole of the measuring mechanism—the combination of the electrical meas- 
uring element and of the writing mechanism. Recording electrical instruments 

















SIENA 
HIPPEL CAPILLARY 
TYPE 


Zor "eX 


7) z 
Nene 
High Pressure 


MERCURY 
VAPOR LAMP 






Self Striking Self Regulating 
Compact Adjustable 
Light Shielded Self Contained 


Operates on 110 DC or 220 DC 





Available with Quartz or 
Hard Glass Burner and four 
mounted Jena optical glass 
filter combinations for mono 


chromatic light. 


Descriptive Catalogue 
No. 243 upon request 


FISH-SCHURMAN 
CORPORATION 
230 E. 45th St. New York 


Exclusive Agents 


Jena Glass Works 
Schott & Gen. 
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"AUTOSYN" 


Self-Synchronizing Motor 





As Remote Indicating medi- 
ums in connection with... 


TEMPERATURE... 








And hundreds of applications where 
Remote Indications are desired. 
© Operates 32 volts A.C., 60 cycles, 
single phase © Two or three Indica- 
tors may be operated from a single 


transmitter © Write for data. 


PIONEER INSTRUMENTS 


Pioneer Instrument Company Incorporated 


BROOKLYN, NEW YORK 


A Subsidiary of the Bendix Aviation Corporation 
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are logically classified with regard to the manner in which the marking device 
is related to the measuring element. Table 40-1 shows the scheme herein 
adopted. Direct-acting recorders will be discussed in this article; relay recorders 
in next month’s article; but before dealing with them separately, it may not be 
amiss to consider the general characteristics and features common to direct- 
acting and relay recorders alike. 


3. Characteristics and Features Common to Both Classes 


(a) Accuracy 

An ideally accurate recording instrument would produce a curve of all suc’ 
cessive instantaneous values of the magnitude to which it is applied. In practice 
the term “instantaneous values” is only relative; for few, if any recording 
instruments other than cathode-ray oscillographs can be said to follow and 
record every variation in the measured magnitude. Even if it were practicable 
to design and build such an instrument, the records obtained on a reasonably 
wide chart traveling at reasonable speed would be so blurred as to limit their 
usefulness, while records on a chart as wide as a bed-sheet traveling at a foot 
per second would only be called for by richly-endowed research laboratories. 
Damping is essential to the satisfactory performance of an industrial recorder. 
Damping devices as such will be discussed later on; the subject is only brought 
up here to point out that “accuracy” undergoes a change of meaning when a 
fluctuating magnitude is to be recorded. 

But even in the recording of slowly changing values there are practical 
limits to the attainable accuracy of an industrial recorder. First comes the 
necessity for a record which can be read easily, whether it be a line or a series 
of dots, and therefore must have an appreciable width. 

Next may be mentioned the effect on paper of humidity, the error from this 
source being proportional to (1) the hygroscopic coefficient of the paper, (2) 
the distance of the record from the fixed point—the center of a round chart or 
the guiding edge of a strip chart, and (3) the difference between the humidity 
of the air in which the chart was printed and that of the air at the location 
where the record was made. This hygroscopic error may amount to as much as 
3% of the scale range under exceptionally poor conditions, but when instruc- 
tions are followed it should not exceed 0.25%. Users should do their utmost to 
minimize it, particularly when the instrument is a high-grade recorder with an 
intrinsic accuracy of 0.1%. 

Another limit to the attainable accuracy of a recorder is imposed by the price which 
users are willing to pay for charts: not only would most purchasing agents veto the idea 
of buying charts made of a non-hygroscopic material instead of paper, but many of them 
turn a deaf ear to engineers’ pleas and shop around for the cheapest paper charts, which 
usually are not printed and perforated in one operation, and which otherwise cause a 
recorder of excellent intrinsic accuracy to produce erratic records. 

One way of minimizing both the hygroscopic error and the off-register error is to use 
the charts supplied by the maker of the recorder and to follow his instructions. 

Another limit not only to accuracy but also to precision, is the problem of 
utilizing a weak actuating force. None of the solutions mentioned in Section 2 
is ideal. At one extreme we have utmost simplicity, with sources of error re- 
duced in number and minimized in effect (their abolition is impossible) ; at the 
other we have total elimination of drag on the moving coil, with a relatively 
great number of interacting kinematic elements—clutches, gears, pulleys, ratch- 
ets, etc.—multiplying sources of error. 

European countries have attempted to specify accuracy for recording elec- 
trical instruments in definite terms; but the wide limits (found necessary to 
allow in order not to exclude meritorious types when operating under unfavor- 
able conditions) tend to make it appear that the direct-acting recorder is of 
little use other than to furnish a “picture” of what is taking place in the circuit. 
American practice has shown that well designed and honestly built direct-acting 
strip-chart recorders, when correctly used and free from excessive vibration, 
stray fields and temperature fluctuations, should without difficulty provide a 
sustained accuracy well within 2 percent of full scale range. Direct-acting 
round-chart recorders, despite their inherently shorter scales, may often be 
operated to an equally high degree of accuracy. 


(b) Chart Forms 


An industrial electrical recorder produces records on either a round chart 
with substantially polar coérdinates or on a strip chart with substantially rect- 
angular coérdinates. An individual instrument cannot be converted from one 
to the other in practice; but whichever form of chart is desired, either a direct- 
acting recorder or a relay recorder may be found which uses it. At this writing, 
however, the majority of relay recorders are strip-chart instruments and the 
majority of round-chart instruments are direct-acting recorders. 
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On a round chart, the scale length is necessarily less than the radius. More- 
over, since the spaces at the center and at the edges cannot be over-minimized, 
the scale length of a small-size round chart is not much more than half the 
radius while in a large-size round chart it may be three-quarters thereof. 

On a strip chart, nearly the whole width of the paper is available for the 
scale of measured values. Therefore, a strip chart—and a wide one at that—is 
preferred where the measured magnitude is normally so steady that the full 
sensitivity and accuracy of a high-grade measuring mechanism may be used 
In many industrial applications, where considerable damping is essential to 
prevent blurred records, small round-chart recorders often prove just as satis’ 
factory. 

For statistical work, as in taking time-operation records of machine tools, a 
wide record is a useless luxury and “miniature” records can serve the purpose. 
For measurements upon whose precision monetary transactions are directly 
based it always pays to specify the most “openvscale” strip-chart recorder. 
(c) Chart Period 

Various types of spring and of electric chart drives are available, each par- 
ticular type having some distinctive feature, but there is no need of discussing 
their details here, and the only point worth emphasizing is that where interrup- 
tions of a.-c. supply are frequent, spring-driven charts provide records showing 
both the clock time and the duration of each interruption. 




















Fig. 40-3. For recording normal operation on a slow chart speed and also making a record on the same chart 
moving at high speed during the time a disturbance is taking place, the ‘‘Quick Trip Device’’ is an attachment 
which, through a relay, instantly speeds up the chart to 3600 times normal and which resets the chart to correct 
time when the disturbance ends. (Esterline-Angus.) 


The chart drive of a round-chart recorder, whether spring or electric, gen- 
erally has only one speed (8-hour, 24-hour, 7-day, etc.) so that the drive must 
be replaced in the event that the user desires, for example, to change from 
8-hour to 12-hour charts. A few round-chart recorders and many strip-chart 
recorders are supplied with change gears, so that chart speed may conveniently 
be set to the user’s requirements after the instrument has left the factory. 

Speed-changing devices are available also in which the gear shift is accom- 
plished merely by shifting a lever; and at least one manufacturer (Esterline- 
Angus) regularly supplies recorders in which the chart is automatically speeded 
up 3600 times in case of trouble in the system, so that a detailed record of 
occurrences may be obtained on an expanded time scale. See Fig. 40-3. 

The strip chart being supplied as a roll, may be many feet in length, corre- 
sponding to days or weeks—this duration, of course, being governed by the 
speed, which is selected in accordance with the precision of time measurement 
required for the work in hand. 


(d) Suppressed Zero Feature 

There are many electrical engineering applications where the requirement is 
constancy. This may be achieved by manual adjustments or by the use of auto- 
matic regulators, or by alertness in control of loads; but since the greatest 
interest always lies in a limited range on both sides of the ideal value, the most 
useful recorders for such installations are those with narrow-range charts, such 
as “55 to 65” instead of “0 to 65” for the whole chart scale. This feature of 
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ACCURATE 


For testing Sand, Ganister, Coal, 
Coal-dust, Coke, Oxides, Powdered Fuel, 
Tobacco, Cotton, Wool, Grain, Paper, 
Blacking, Abrasives, Materials in process 
A Plant Instrument: can be taken to 
shop, foundry, ete. {Really Speedy: from 


30 to 60 seconds as a rule. (Ranges for 
all YOUR materials 
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American Meter Company laboratory wet 
test meters are built for extreme accuracy, 
strength, durability, non-ccrrosion of all 
parts subject to the action of gas, and facil 
ity of handling and adjustment. They are 
furnished with or without the automatic shut 
off, as desired. Catalog AG-3... WET & DRY 


TEST METERS... mailed on request. 


AMERICAN METER COMPANY 


Measurement and control of Gas, Oil, Steam, Air and Liquids 
~aaweneD 1496 


General Offices: 60 E. 42nd Street, New York, N.Y 
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ANUBIS 


Recording Gas Gravitometer 





A direct-weighing instrument of demon- 
strated accuracy and reliability, producing 
a temperature-compensated record of spe- 
cific gravity of gas from a continuously 
flowing sample. Indispensable in the ac- 
curate measurement of large volumes and 
as a record of heat values. 
Produced in the Laboratory of 


GEORGE SYDNEY BINCKLEY C. E. 


857 SOUTH SAN PEDRO ST., LOS ANGELES, CALIF. 


INVENTORS 
RESEARCH 
INSTITUTE 


WASHINGTON, D. C. 
Founded For Service To Inventors 
Protection: Assistance in immediate 
protection and patent procedure. 
Development: Patentability, patent 
searches, assistance in technical de- 
tails. 

Sale: Listing, locating purchasers and 
negotiating contracts. 


All on an economical basis. A complete description 
of the Institute, and its purposes, will be fur- 
nished on request. 


Inventors Research Institute 

737 Thirteenth Street, N. W. 

Washington, D. C. 
I wish to apply for membership. Dues for one 
year, amounting to $2.00, are enclosed. 

Send me the checked items: 

{] Free record form of invention. 

[] Free outline of procedure in applying for a 
patent. 

(] Free listing of my invention, described in 
letter. 

[] Free estimate of costs of other services de- 
scribed in letter. 
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CORRIGENDA 


Reflection Method Geophysical Equip- 
ment — American Askania Corp. and 
Heiland Research Corp. (September is- 
sue, page 196.) Fourth line from end of 
item, sensitivity is given as of the order 
of 0.1 to 0.2 ma./mm. Should be 0.01 to 
0.02 ma./mm. 

Welding Timer — Westinghouse Elec. 
& Mfg. Co. (November issue, page 240.) 
Wherever the word “ignition” appears in 
this manufacturer’s story, it should be 
“Ignitron.” 
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zero suppression may be obtained by employing measuring elements of types 
that operate without control springs and have been purposely designed to have 
inherent ranges corresponding to those of the recorder charts; or it may be 
obtained by having the full recorder range represent the unbalance of a circuit; 
but in most industrial applications—particularly in the recording of voltage— 
the measuring element is of a type which depends on opposing the actuating 
force by that of a spring. When a recording voltmeter, for example, is desired 
to have a suppressed zero, this is done as follows: To the normal action of the 
control is added a constant force, restraining the pen until the measured voltage 
reaches the lower limit of the scale, after which a relatively small increase in 
the measured voltage carries the pen 
to the upper limit of the scale. For 
applications where the normal voltage 
is 110 or 115, a common range for 

such instruments is from 90 to 140 90-180 vours 
volts. Where zero suppression is ob- 
tained by simply setting back the zero, ' 
as by causing the abutment of the ies tet sisient HM 
control spring through an initial angle, COOSA 

it is necessary to make use of a spring 0-150 voLTs sauna 
considerably weaker than would other- Fig. 40-4. Sections of “sup- | 
wise be considered good practice, and _Prested-wate’ and of ‘regular’? 
to submit it to a large initial strain. 

For this reason such a recorder with suppressed zero, though it be of high 
sensitivity, is not likely—unless designed and constructed with extraordinary 
care—to have the accuracy of one with a full scale starting at zero. 



















4. Direct-acting Recorders 

Direct-acting recording instruments are those in which the marking device 
is mechanically connected to, and directly operated by, the moving element. 
They are divided into (a) intermittent-marking and (b) direct-writing. 


(a) Intermittent-marking 

The feature of intermittent-marking is confined mostly to galvanometers as 
distinguished from ammeters, voltmeters, etc. In other words it is found in 
recorders for directly measuring relatively minute amounts of electrical power, 
as in the circuits of pyrometers,* resistance thermometers,* sunshine recorders, 
etc., where a small electric current—perhaps a few milliamperes—is made to 
be directly representative of a magnitude of another nature, whose value it is 
required to record. Intermittent-marking recorders may be conveniently divided 
into: (1) dotting, (2) thread, (3) ribbon, (4) smoked-chart, (5) spark. A 
characteristic of intermittent-marking recorders worth noting here is that mul- 
tiple-record models are available, in which an automatic commutating device 
connects a plurality of circuits in sequence and the several records are all made 
on one chart. 

In the dotting type of recorder a light pen carried on the end of the pen-arm 
normally swings free of the chart. A mechanism, which may be either in the 
form of an electromagnet or a depressor-bar operated from the clock which 
drives the chart, brings the pen momentarily into contact with the paper at 
brief intervals, leaving it the rest of the time free to be positioned by the meas- 
uring element. The series of dots so formed merges into a line and, where the 


“Several recorders of this type, used in conjunction with pyrometer circuits, have been de- 
scribed in Pait Two of this Manual (Temperature Measurement and Control). 


Fig. 40-5. ‘‘Capillary Film’’ 
recorder. When free, the galvan- 
ometer needle, which carries a fine 
wire E, bent downward, swings 
above a V-shaped slot, D, In a 
metal sheet mounted horizontally 
above the drum. This slot tapering 
slightly in its length, the ink 
flows freely from well C, to the 
extreme end. Lever G Is periodi- 
cally lifted by the wheel on the 
clock face, and depresses B upon 
the needle, forcing it down through 
slot D, carrying on the point of 
wire E a dot of ink which Is de- 
posited on the chart. ‘‘No more 
Ay ink than Is needed can he de- 
posited upon the chart in the 
time it Is depressed, and ink will 
not follow the wire and flow down 
upon the chart, as might be sup- 
posed.’’ (Thwing Instrument Co.) 





























Fig. 40-6. Schematic 
of thread recorder. 


measured value is not too variable, gives the equivalent of a continuous record. 
In the Thwing dotting recorder, Fig. 40-5, the pen-arm does not carry a pen 
but makes use of an ingenious capillary principle explained in the caption. 

In the thread recorder, Fig. 40-6, the pointer of a direct-deflecting galvan- 
ometer swings above the paper chart, which passes over a firm platen. Between 
the pointer and the paper is stretched an inked thread which is slowly fed 
across the path of travel of the chart. At regular intervals a depressor bar 
brings the pointer into contact with the thread, and forces the latter against 
the surface of the paper, leaving an impression in the form of a short dash. 

In the ribbon recorder, a typewriter ribbon takes the place of the thread, and 
the pointer, ribbon and chart are forced into engagement against a sharp-edged 
platen, giving a distinct dot on the paper. This ribbon may be above the chart 
or under the chart (using a thin translucent paper). Some makers, notably 
Bristol, supply both styles. 

Both the thread and ribbon methods of intermittent marking make possible 
color identification of the separate records which are obtained on one chart by 
using a multiple-switch to connect a plurality of circuits in regular rotation: 
the same mechanism that operates the multiple-switch shifts from one thread 
to another (as in the Cambridge recorders) or shifts a multicolor ribbon from 
one stripe to another (as in the Brown Instrument Co.'s recorders). 


Fig. 40-7. Bristol port- 
able smoked-chart milli- 
voltmeter. 





In the smoked-chart recorder, the paper surface is covered by a thin layer 
of finely divided carbon. The pointer normally swings just clear of this surface, 
and an arm operated by the clock causes the tip of the pointer to touch the 
chart every few seconds. This breaks the thin black layer on the surface, making 
the paper visible and giving the effect of a white line on a black background. 
Such charts require careful handling until removed from the instrument, when 
the record is made permanent by immersion in a suitable fixative. A Bristol 
smoked-chart recorder is shown in Fig. 40-7. 














KURMAN 


SENSITIVE RELAY 


has the following exclusive features 





Magnetic Circuit. The magnetic circuit 


of Nickel alloy, of exceptionally high 
pérmeability, especially heat treated. Af 
fords extreme sensitivity of low induc 
tion, rugged and economical 

Sensitivity. The relay is rated at 13.7 
Milliwatts for positive operation, but can 
be adjusted to operate on as little as 4 
Milliwatts. 

Drop Out. The steep curve of the Nickel 
alloy used in the magnetic circuit provides 
a snappy constant drop out that can be 
adjusted to 85% of the pull-up value 
Contacts. Single Pole, Double Throw. Of 
Fine Silver, rated to carry 1144 Amperes 
AC. 110 V. 


Light Control Applications 
We have prepared a bulletin showing six 
popular light control circuits embracing 
the Cicocell and Kurman relay, outlining 
their application, pricing the equipment 
Write to us for it. 


KURMAN ELECTRIC CO. 
243 Lafayette Street New York 
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PYRO optical pricmtrin 





SELF-CONTAINED, DIRECT READING 
RUGGED AND FOOL-PROOF 


Unique construction enables op- 
erator to rapidly 
determine t em- 
perature even 
on minute spots, 
fast moving ob- 
jects, or smallest 
streams; no cor- 
rection charts, 
no.accessories. 

PYRO OPTICAL 
is NOW availa- 
ble in a NEW 
TYPE WITH 
THREE SEPA- 
RATE, DIRECT 
READING 
SCALES — the 
ideal instrument 
for universal 
steel miil uses, 
open hearths, 
soaking pits, 
rolling miltls, 
laboratories, ete. 


Stock Ranges 
1400° F. to 5500° F. 





Bulletins on Pyro Radiation, Immersion & Sur- 
face Pyrometers, Pyro Super-Sensitive Radia- 
tion Tubes and Rapid Recorders on Request. 


THE PYROMETER INSTRUMENT CO. 


103-107 LAFAYETTE ST., NEW YORK, N. Y. 
GRANT BLDG., PITTSBURGH, PA. 
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SIZE 5 * 4% * 2% DEEP 
OVER ALL MEIGNT 5/8 


FULL SCALE 0.3 MICROAMPERE 
Rawson meters are the only ones hav- 
ing two pivot movements whose weight 
is lifted from jewels when clamped for 
transit. Electrical clamping does not ac- 
complish this purpose. 


Dynamometer wattmeters, milliamme- 
ters and voltmeters. Also ultra-sensitive 
meters both for A.C. & D.C., flux- 
meters, electrostatic voltmeters from 
full scale 120 volts to over 20,000 volts, 
thermocouples, earth current meters, 
cable testers, fluxmeters, etc. 
Special Apparatus Built to Order. 


RAWSON 
ELECTRICAL INSTRUMENT CO. 
Cambridge, Mass. 


Branch: 91 Seventh Ave., New York. City 
Representative: E. N. Webber, 
Daily News Bldg., Chicago, Ill. 














SHALLCROSS 


Megohm Decade Resistance Boxes 





Employing the highest grade non- 
reactive wire-wound resistor units 
and the most modern methods of 
insulation. 


No. 935—Two Decade 10x(.01-+-0.1 Megohms) 
Total 1.1 Megohms 


No. 945—Two Decade 10x(0.1+-1.0 Megohms) 
Total 11 Megohms 


These Megohm Decade Boxes may 
be used as resistance comparison 
standards, laboratory standards, 
potential dividers, and many other 
applications in the physics and in- 
dustrial laboratories. 


Send for Bulletin goo-H de- 
scribing these instruments. 


SHALLCROSS MFG. CO. 


COLLINGDALE, PA. 
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Some early types provided a record in the form of a series of punctures by 
an electric spark jumping between the pointer and the platen, but this method 
has not found favor in American industrial practice. 

(b) Direct-writing 

For recording voltage, current, power, etc., in power houses and industrial 
plants, few intermittent recorders are in service: this field belongs to the direct- 
writing type and to the relay class. 

With regard to marking mechanisms, direct-writing recorders may be divided 
as shown in Table 40-1, but photographic recorders are not of sufficient indus- 
trial interest to be dealt with here, so that as far as we are concerned the direct- 
writing type consists entirely of direct-inking recorders. The division of these 
ergs (a) ink in pen and (b) stationary reservoir, agrees with the basic scheme 

classification by writing mechanisms, but experience with all makes and 
forms of direct-writing (direct-inking) recorders in a wide variety of services 
leads to the conclusion that direct-writing recorders naturally divide themselves 
into the round-chart and the strip-chart recorders—two distinct groups with 
important inherent differences of characteristics. 

In direct-writing round-chart recorders the pen-arm is generally arranged to 
swing in a vertical plane; and since, whatever the chart speed, the pen need 
only hold a few drops of ink to trace a record for one complete revolution, it 
may be light and simple. In round-chart ammeters and voltmeters, the moving- 
iron principle is widely used, though the electrodynamic principle in the form 





Fig. 40-8. Westinghouse, General Electric and Bristol round-chart direct-writing ammeters. (Charts and chart 
plates cut away where necessary to show movements.) These are all switchboard recorders. 


of the attracted or repelled flat coil is employed to some extent. Fig. 40-8 shows 
three well-known makes of round-chart recorders. The Westinghouse instru- 
ment uses a rotating moving-iron type of movement with magnetic damping. 
The General Electric instrument employs a plunger in a vertical solenoid. It 
also is magnetically damped. The Bristol recorder employs a plunger supported 
on knife-edges and moving in a horizontal solenoid. Damping is effected by 
means of an oil dashpot. These instruments are available with either electric 
w spring-driven clocks. 

Direct-writing strip-chart instruments are generally built with a vertical 
shaft, the pen traveling in an arc over the chart in a horizontal plane near the 
top of the case. Practically the whole width of the paper is thus available for 
record purposes 

The pen of a direct-writing recorder describes a curved path in the plane of 
the paper, but this feature is seldom objectionable, and the added complication 





Fig. 40-9. Close-up of Roller-Smith permanent-magnet moving-coil strip-chart direct-writing recorder. 











needed to obtain truly rectangular coérdinates in a direct-writing strip-chart 
instrument is seldom justified. 
The problem of inking is greater with strip-chart than with round-chart 





“STANDARD” ELECTRIC 
STOP CLOCK 


direct-writing instruments. Since the strip record is continuous, and inay be 
required to run several weeks without attention, a rather large amount of ink 
must be made available to a necessarily light pen. A widely used form of pen 
arm is a capillary tube receiving its ink supply from a reservoir near the center 
and syphoning it onto the chart. In Roller-‘Smith recorders the reservoir is at 
the exact center. See Fig. 40-9. 

The electrodynamic principle lends itself particularly well to the strip-chart 
form of design, and is widely used in voltmeters, ammeters, wattmeters. fre 
quency meters and power factor meters. For direct-current measurements the 
permanent-magnet moving-coil type of element is well adapted to the strip 

instrument. Characteristic American types of direct-writing strip-chart electri 
cal recorders are shown in Figs. 40-10 to 40-12. 














FIRST CHOICE OF 
AMERICAN COLLEGES 
| Following the example of leadin 
| scientific laboratories, school ind 
| universities everywhere are per 
fying “STANDARD” Electric Stop 
| Clocks for precision timing in thei 
| class room work. At Yale—at Penn 
sylvania at Carnegie Tech at 
Massachusetts State, the split 
ond accuracy of these rugged, large 
| dialed stop clocks with remote con 
trol switch has made them a favor- 
| ite with faculty and students alike 
Also available in wall type model 
with 10 inch dial for classroom wor 
For complete information, write 


THE STANDARD 
| ELECTRIC TIME CO. 
SPRINGFIELD, MASSACHUSETTS 


“Standard” Makes Every Second Count 

















Fig. 40-10. Westinghouse portable strip- 
chart direct-writing recorder. 











Fig. 40-11. Bristol portable strip-chart direct-writing recorder. 


Schopper 


Precision Testers 


for METALS, PAPER, PLASTICS, 
RUBBER, TEXTILES, WIRE 


oo 







TENSILE 
TESTERS 


5 OO0 











. 40-13. f ip-chart d | 
Fig. 40-12. General Electric portable strip-chart aba a ee a Cee Sane | 
direct-writing recorder. \ 





Damping. The relatively large inertia inseparable from the design of direct 


writing recorders, and the fact that every movement of the pen leaves a per | BENDING IMPACT 

manent trace on the chart, make it necessary to damp out oscillations effectively. | TESTERS | TESTERS . 
Both liquid and magnetic damping are used. On instruments having a vertical ie ca | A oom tb tee 
shaft, the damping members take the form either of a vane (of aluminum or Se Se See pe 


copper) swinging in the field of permanent magnets, or of a dasher rotating in 
a vessel containing oil or some other viscous liquid (Fig. 40-13). While mag- 
netic damping is more convenient where only moderate fluctuations of the 
moving element are encountered, instruments for measuring “‘j 


Write for Catalogues 


TESTING MACHINES, Inc. 


jumpy” loads 460 W. 34th STREET, NEW YORK 


often require fluid damping with an oil of relatively high viscosity. 
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THE THWING 


Portable pH Meter 





For Laboratory and Plant Use 

The Thwing pH Meter is a simple, 
practical instrument. 

Readings are directly in pH units 
on individually calibrated 3-in. scale. 
The seale is readable to 0.02 pH. 

With Quinhydrone electrodes the 
useful range is 0 to 9 pH. 

With Antimony electrodes the use- 
ful range is 2 to 12 pH. 

Operates on the Potentiometer 
Principle—no_ standardization or 
balancing is necessary before taking 
a reading. 

Write for Quotation. 386 
Thwing Instrument Company 
3323 Lancaster Avenue, Philadelphia, U.S.A. 














for better 


UNIT HEATER 
CONTROL 


WILBIN 


THERMOSTATS 


Operate from any light socket up to 
% H.P. motors at 110 or 220 volts 
A.C. without re- 
lay 





Range 
55-90° F., 
sensitive 
to %° F. 

Liquid 
expansion 








system. 


WILBIN INSTRUMENT CORP. 
40 E. 34th STREET NEW YORK 
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NEW 
INSTRUMENTS 


Write Information Section, Instruments Publishing 
Company, for additional information. 





Measuring Unit for 
Extremely Heavy Pressures 
Baldwin-Southwark Corp. 


OW built in sizes up to 5,000,000 
lbs. but having no inherent load 
limit, this new pressure-measuring 
system finds principal application in roll- 
ing mills. A steel cylinder placed between 
the screw-down screw and the roll bear- 





ing is encircled by two bands carrying 
screws adjusted to touch cylindrical sur- 
face. Ends of bands approach each other 
but do not touch. Connected to ends is 
an Inductor Telemeter. Loads on the 
cylinder increase its circumference, there- 
by causing ends of encircling bands to 
separate. This displacement is translated 
into electrical current which can be read 
at a distance or may be conducted 
through an oscillograph to produce a 
permanent record. Previous calibration 
permits a translation of such electrical 
indication into pounds load. 





Industrial Boiler Meter 
Bailey Meter Co. 


O supply increasing demand of in- 
T ests establishments for higher 

boiler room economy, this new Steam 
Flow-Air Flow Boiler Meter records 
steam flow from the boiler, air flow sup- 
plied for combustion and flue gas tem- 
perature—all on one 12” diam. uniformly 
graduated chart. It also indicates steam 
flow on a porcelain enameled scale and 
integrates the total steam flow on a 
6-digit cyclometer counter. Thus the 
three important factors of boiler opera- 
tion—combustion efficiency, steam output, 
and flue gas temperature—are combined 
and codrdinated. Meter is equipped with 
direct-reading Bailey escapement type 
integrator fully described in Instruments, 
March 1933, page 65. Air flow mechanism 
provides for quick and accurate adjust- 
ment to prevailing combustion conditions. 
Though sturdy in construction and pow- 
erful in operation, it is said to possess 
inherent accuracy and sensitivity. Sim- 
plicity, accuracy and flexibility are said 
to be combined in the new steam flow 
mechanism by using a powerful Bailey 
Ledoux Bell in conjunction with inter- 
changeable mercury reservoirs. In opera- 
tion, new meter is said to be a reliable 
combustion guide which any boiler oper- 





ator can easily understand: It is simply 
necessary for him to adjust boiler damper 
or fuel control until records of steam 
flow and air flow coincide on chart. Be- 
cause of trend to automaticity in indust- 
rial boiler plants, new meter has been 
designed to fit into the Bailey Meter 
Control System. In this service, it regu- 
lates air supply or stoker speed to 
achieve combustion efficiency, and main- 
tains steam pressure and furnace draft 
at the desired standard. 





Temperature-limit Control 
for Furnace Roofs 
Leeds & Northrup Co. 

UTOMATIC fuel cut-down or cut- 
off, based on measurement of 
temperature of carborundum 

block without physical contact, is prin- 


ciple employed in this new system. Over- 
heating of furnace roof being prevented, 





LEAD WIRES 





THERMOTUBE 










MICROMAX 
LIMIT 
CONTROLLER 





YO bet WweLL 





AUTOMATIC VALVE 
ON FUEL LINE 





"aa | ~ de —TARGET 
“eget BRICK 
operator can run his furnace up to its 
highest safe temperature without fear 
that roof will be damaged should his at- 
tention be diverted. Number of heats per 
roof is said to be noticeably increased. 
Parts: (1) Carborundum block of special 
design, with well drilled to 1” of bottom. 
May be installed when roof is being built 
or while furnace is hot. Lasts for an en- 
tire campaign: should bottom burn away, 
a special plug is dropped in well. (2) 





Thermotube employing familiar mirror-, 


and-thermocouple principle but of new 
design with water jacket which serves as 
mounting. (3) Instrument is 1400-3200° 
F., 24-hour round-chart “Micromax” 
potentiometric recorder-controller with 
wide indicating pointer and 12” large- 
figured “giant” outer scale—see Instru- 
ments, March, 1933, page 63. (4) Motor- 
ized valve: as required but always of 
simple, strong type, as it operates only 
in emergencies. 
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Vacuum Gage 
Westinghouse Elec. & Mfg. Co. 
IRANI type vacuum tube recently 
announced has been developed for 
use in a calibrated instrument which 
gives continuous pressure readings on 
exhaust systems on the machines that as- 
semble Mazda lamps. Chief advantage is 
continuous accurate reading, without the 
manipulation of any parts as with a 
McLeod gage. 





Heavy-duty Circuit Breakers 
Roller-Smith Co. 


IGH interrupting capacity is one 

of claims for new “Type HD” 

(heavy duty) circuit breakers, this 
characteristic being as shown in follow- 
ing test-based table: 


Interrupting 
Ratings Capacity 
0-400 amps. 40,000 amps. 


401-1200 amps. 
1201-2000 amps. 
2001-5000 amps. 100,000 amps. 
5001 amps. and over 120,000 amps. 
Fig. 1 shows a 4000-amp., 3-pole elec- 
trically operated breaker of this new 


60,000 amps. 
80,000 amps. 


Fig. 1 


line. Another characteristic is said to be 
high overload capacity, due to “inverted” 
contacts and the “loop” effect of the 
magnetic circuit, which result in high 
contact pressure under heavy overload 
or short circuit conditions. (See Fig. 2 
which shows inverted contacts—brush, 
secondary and carbon.) A third charac- 














teristic is high speed of opening, due to 
the heavy laminated brush being sta- 
tionary and the moving arm not carry- 
ing that heavy member. Calibration scale 
is long, to facilitate exact settings. All 
poles on multipele breakers open and 
close in unison. All breakers are so de- 
signed that undervoltage, shunt-trip and 
other attachments may easily be added 
in the field. 


Recording Gas 
Gravitometer 
George Sidney Binckley 


RODUCED in recognition of im- 

portance of specific gravity determi- 

nation in accurate measurement of 
gases and in maintenance of heat-bal- 
ance, new Anubis Recording Gas Gravi 
tometer is said to differ widely in 
fundamental principle from others ten 
tatively applied under service conditions. 
Among character- 
istics are said to 
be extreme simplic- 
ity, absence of any 
dynamic element in 
principle of opera- 
tion, automatic 
compensation for 
temperature varia- 
tions, and direct 
recording of dif- 
ference between 
weights of equal 
volumes of air and 
gas. Essential ele- 
ments comprise: 





Fig. 1 


Two inverted bells, the lower edges 
of which are submerged at all times in 
a sealing liquid held in the intercom- 
municating tanks below them, one of 
these bells being the ‘working-bell” 
and the other the “balance-bell.” 

A beam from which, through hard- 
ened steel Knife-edge links, the bells 
are suspended, and which in turn is 
supported by hardened steel knife-edge 
fulera. 

A pendulum arm attached to the 
beam, and so adjusted that in the ab- 
sence of the cylindrical pendulum 
weight itself, the entire system of 
beam, links, pendulum, thermostatic 
element, and bells, is in static balance 

The gas-column, a brass tube 14” 
diameter, supporting the chart-driving 
clock and other mechanism, the height 
of this column varying with the char- 
acter of the gas. 

A thermostatic element of helical 
form, attached to the pendulum arm, 
and provided with a horizontal arm on 
which is carried the cylindrical pendu- 
lum weight. 

Flow of gas is regulated by the 1,” 
angle valve. Continuous sample (approx. 
1 ft*/hr) flows through pressure-limiting 
water seal in the flask (seen in Fig. 1), 
through a small stainless-steel orifice and 
to interior of closed bell which communi- 
cates with bottom of gas column. Small 
orifice has no measurement function, its 
purpose being to limit rate of flow under 
low pressure permitted by water-seal, so 
that this flow can have no kinetic effect 
upon action of instrument, thus obviat- 
ing need for accurate pressure or volume 
regulation. Fig. 2 shows mechanism 
whereby vertical movement of working- 
bell is transmitted to the pen-arm. Here, 
as in suspension of bells and beam, fric- 
tion is minimized by empioyment of 
hardened pivots and by provision of 
counterbalances. Operation: 


The small continuous sample passes 
from the little orifice to the interior of 
the working bell, filling it above the 
surface of the kerosene and ~-passing 
out into the base of the gas column, 
thence up this column and out of its 
upper end to the atmosphere. With the 
bell and the column thus filled with 
gas the pressure inside the conical head 
of the working-bell is more or less 
than the pressure of the atmosphere on 
the upper surface of this head, as the 
gravity of the gas is greater or less 
than that of the air. Thus, at gravity 
1.0, the pen is at its outer range on 
the chart, the pendulum weight is ver- 
tically below the fulcrum, and all 
forces are in equilibrium. If the unit 
weight of the gas varies from that of 
the air, equilibrium is destroyed, and 
the force acting on the bell causes it 
to move until the moment of the pen- 





dulum weight around the _ fulerum 
equals that due to the force acting on 
the bell, whereupon equilibrium is re- 
established, the pen taking a position 
corresponding to the specific gravity 
of the gas. 

Under standard conditions, 60°F. and 
30” He, the relations described will be 
strictly true. Variations from standard 
temperature produce a change in the 
air-gas’ differential which requires 
compensation, This is accomplished by 
Placing the cylindrical pendulum 
weight on a horizontal arm carried 
on the free end of a strong helical coil 
of thermostatic metal. 

The functions of the “balance-bell” 
are purely compensatory: Placed on the 
beam at the same distance from the 
fulcrum as the working-bell, and being 
of the same weight, temperature ef 
fects on the length of the beam are 
fully compensated. Its walls being the 
same thickness (0.007%) as those of the 
working-bell, changes in the density of 
the sealing liquid due to evaporation 
of its lighter elements or to tempera 
ture variations, are compensated A 


Fig. 2 


simple weight, having the same cross 

section as that of the walls of the bell 
submerged in the liquid, could not per 

form the same compensatory functions 
because of the surface-tension effect 
This is “surprisingly great (4.5 g. effec- 
tive pull) and as it varies both with 
temperature and with character of 
liquid, it is imperative that it be bal- 
anced by equal superficial areas. 

The standard Anubis Gravitometer is 
adapted to different conditions of alti- 
tude by a simple change in height of 
gas column. The effects of diurnal vari- 
tions in pressure are so nearly equal 
and opposite that the barometric co 
efficient is negligible. When required, 
however, the instrument is provided 
with full automatic compensation for 
barometric changes, 

Calibration is easily checked at any 
time by application of a standard weight, 
and reference to a table of factors, both 
furnished with instrument, a record be- 
ing made on a standard 10” Anubis 
chart divided to the second place of deci 
mals and readable to the third. (Ultimate 
sensitivity of instrument is 0.00012” 
water head.) Having no electrical con 
nections, motors, or regulating valves, 
it operates under extremes of tempera 
ture, and is said to require no attention 
after installation, other than to wind the 
clock, change the chart, and ink the pen. 
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Electrical Stethoscope 
Western Electric Co. 
ESIGNED to 


ciently at low 
(“rumbles,” “thumps,” 


transmit most effi- 
audio frequencies 
etc.) this 


new self-contained microphone has quick- 
ly won noteworthy acceptance in medical 
applications in vibration 


field but has 





studies and acoustic tests. Pick-up is 
magnetic. Amplifier (100) weighs 4 0z., 
contains 2 “peanut” tubes and 2 min 
iature transformers with Permalloy cores, 
employs 4 flashlight cells for filaments 
and 2 smallest-size dry batteries for 
plates. Selective switch and filter permit 
listening to frequencies in <100 and in 
200-2000 regions. 





Pocket Size Sling 
Psychrometer 


Precision Thermometer & Instru. Co. 


OTAL length is 

under 6”. Two 

laboratory 
etched-stem  ther- 
mometers are 
mounted on a 
flanged aluminum 
plate. Metal handle 
is on. swivel-and- 
chain to facilitate 
whirling. User can 
replace damaged 
thermometers by 
means of a small 
screw driver with 
out returning in- 
strument to fac 
tory. Thermometers 
are graduated from 
30° to 110° F., in 
1° divisions, cali 
brated for total 
immersion, accur- 
ate within 1°. Car- 
rying case is rein- 
forced with liner. 








PRECISION 
HYGROMETERS 


FOR 
Determining Relative Humidity in 
Cereals, Paper, Textiles, Tobacco, etc. 


R. FUESS, INC. 


245 W. 55th ST. NEW YORK 
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Photomicrographic 


Cameras 
Spencer Lens Co. 
ONSIDERABLE bellows extension 


characterizes the No. 640, a 5” x 7” 

camera, which is equally efficient in 
either vertical or horizontal position. It 
is mounted on a 
base 16” x 1214", 
with a rigid up- 
right 30” high on 
which short heavy 
arm revolves. At 
end of arm is 
hinged a long tele- 
scoping bar which 
supports bellows 
and plate holder 
frame, to give an 
extreme bellows 
length of 24” or a 
short bellows of 8”. 


Support at front 
end of bellows is 
movable by rack 


and pinion for con- 
venience in con- 
necting and discon- 
necting microscope 
focusing when micro 


and for careful 
teleplat photographic lenses are used. An 
extension bar, which slides beneath base 
of camera and an arm hinged to and ex- 
tending from the base, make a rigid sup- 
port for camera in horizontal position. 






The No. 645 cam- 
era was designed 
to be used with a 
standard micro- 
scope illuminant; is 
of substantial con- 
struction, of con- 
ventional type with 
solid base and rigid 
vertical supporting 
rod. Camera body, of metal, accommo- 
dates either 31,” x 414." or 4” x5” double 
plate holder as specified, and carries a 
slide focusing specimen on plate from 
side without changing position of set-up. 
It is of fixed length, 250 mm. (projection 
distance to give specimen same magnifi- 
cation on plate as is obtained visually). 





Contactors 

Ward Leonard Electric Co. 

OW available as separate units, 

these d.c. and a.c. contactors for 

several years have been used in 
maker’s control assemblies. They can be 
used as control contactors for motors, 
for disconnect purposes in conjunction 
with suitable auxiliary switches, for elec- 
tric ovens and other electric control ap- 
plications, and for special control panels. 
High contact pressure with low operating 
and holding currents in the coil are 
among features claimed. Auxiliary  sil- 
ver-to-silver contacts are furnished as 
standard equipment for maintaining coil 
circuit when momentary push _ button 
control is used. Additional normally open 
or normally closed auxiliary contacts can 
be furnished when required. 


Hippel Type Lamp 
Fish-Schurman Corp. 
ENA GLASS WORKS of Schott & 


Gen. offer new high-pressure mercury 
are: of capillary type, self-striking, 


completely light shielded, adjusted in 
height and direc- 

tion, self-contained, 

Hg Cd operable in every 
—_ — plane with equally 

ome Bad satisfactory results. 

—— Steadiness is due 
a ae to burner (Hippel 
57 type) which is self- 
6GC—_=_— regulating in the 
length and position- 

—— ae of-termination of 

pe its are path. Oper- 
; —— ates on 110 or 220 
Saal” aan d-c. When not in 
operation, burner 

offers a continuous 

column of mercury 

oS == as path of conduc- 
tion between its 

end electrodes. But 

heater-coil being 

always in_ series, 

48 -— -— ° ‘Ss 
05 —_- — when voltage 1s 
, turned on a cur- 
sa ei rent of approx. 0.5 
amp. is passed. In about one minute 
enough heat has been generated by 


heater-coil to vaporize portion of liquid 
mereury column. When this vapor forces 
mercury column to break apart, an are 
is struck, which by self-generated heat 





maintains itself at such a length that 
vapor pressure and thermal conditions 
balance. Current comes to a steady value 
of approx. 125 ma. in a few minutes 
(for precision work, about 20 min.). 
Filters regularly furnished isolate prin- 
cipal Hg lines; others available have 
selective transmissions and absorptions 
in all regions. Fig. 1 shows Hg spectrum 
of lamp; Fig. 2 gives the revised spec- 
trum after cadmium is added. 





Surface Temperatures 







. The “Alnor” 
Moving Combination Pyrocon 


Ideal for rolls, molds, 
plates, platens and 
plastic material temper- 
atures. 

Write for bulletin. 
Illinois Testing Leboratories, Inc 
142 W. Austin Ave. Chicago, Iilinols 


Surfaces 














ii ated wer 
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General 
Laboratory = 
Weights 


No. 10 


_ 


For use in routine work in colleges and indus- 
trial laboratories. Adjusted to an accuracy better 
than Class S-2. Gram weights are two-piece 
brass, highly polished and lacquered, or chromi- 
um plated. Milligram weights are of pure nickel 
from 500 mg. to 50 mg., and of aluminum from 
20 mg. to 1 mg. 


Removable fractional weight tray. 
Reasonably priced. 
ay ay 


Brass forceps. 
“MADE IN U. 


Send for Catalog “J” of 
Balances and Weights 


VOLAND & SONS, Inc. 


Manufacturers of Assay, Analytical, Pulp 
and Bullion Balances and Weights 


NEW ROCHELLE, N. Y. 

















Roller-Smith | 
GRAPHICS — 


A.C. and D.C. 
Switchboard, 
Portable and Wall 
Types | 


\mmeters, Volt- | 

} 
Wattmet 
and Power | 


Meters. 


meters, 
ers 


Factor 





ROLLER-SMITH GRAPHICS give ac 
curate, legible records continuously with — | 
less expense and servicing than most users | 
of graphics would think possible. That is a | 
simple statement but it’s true. Will you give 
us a chance to prove it? We can. 


For further details see catalog J-830. Your copy is ready. 


Electrical Measuring and Protective Apparatus] 


Main Office Works 
2132 Woolworth Bldg., New York Bethlehem, Pennsylvania 





Sales agencies in principal cities In U.S.A. and Canada. 























Short Circuit Indicator 
Triib, Tauber & Co. 


F rapidly detecting presence of 
short circuited turns in coils wound 
with copper wire or strip, this outfit 
employs a.c. bridge principle: Exploring 
unit comprises four coils, mounted in 
pairs (1&4, 3&2) on two iron cores in 
tandem, all contained in hollow insulated 
rod. Bridge connections are shown in 
diagram. Instrument moving coil is con- 
nected across bridge, while field wind- 
ing is in supply circuit through a non- 
inductive resistor. Operation: coil to be 
tested is slipped over detecting rod and 
moved back and forth between positions 


advantage 
when 


breaking 
vacuum, is only about %, 2 
long; can be operated by a fraction of 


of 
a 





All-metal Vacuum Switch 
General Electric Co. 


MALL vacuum switch, made almost 
entirely of steel, designed to take 


absence 
circui 


” 





alloy thimbles inserted through heavier 
opposite end-wall of chamber. (Fernico 
glass seal is development of G-K Re 
search Laboratory, provides sturdy gas 
tight joint.) Metal construction permits 
use in locations subject to severe shock 


e of an are and vibration. 
t in a_ high 
diam. «11/,” = 





Fuses and Testers 
Littelfuse Labs. 


ATTELITES (“They Tell the Tale’) 
T is the name of a new line of safety 

neon potential fuses and testers de 
signed fo protect against and discharge 
dangerous excessive (regular 
fuses protect against excessive currents). 
Principle and function same as in light 


voltages 

















a and b (which are marked on rod). In- 
strument pointer stays at center zero if 
no turn is short circuited. In factory in- 
spection of coils, deflection is propor- 
tional to number of short circuited turns. 


an ounce of pressure; is capable of in- 
terrupting as much as 5 h.p. as fast as 
30 times a second; is rated at 10 amps., 
250 volts d.-c. or 440 volts a.-c.—or 5 
amps. at 500 volts d.-c. New “Type FA-6” 
switch is of steel, hydrogen-copper- 
brazed and exhausted to high vacuum 
through hollow steel operating stem. 
This stem passes into vacuum contact 
chamber through a thin steel end-wall 
whose flexibility permits necessary slight 
motion. Leading-in wires are sealed in 
tiny glass beads inside small Fernico 











ning arresters, only on smaller scale. 
Made to discharge potential ratings of 
100, 250, 500, 1000, and 2000 volts; are 
glass enclosed, filled with rarefied neon; 
glow brightly when operated. Feature of 
the 500, 1000, and 2000 volt sizes is that 
discharge potential may be lowered about 
40% by touching tube glass with hand. 
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Sensitive Galvanometers 
G-M Laboratories, Inc. 


HREE new additions to G-M line; 

two are ballistic galvanometers. Fea- 

tures include: (1) light source which 
may or may not be used as integral part 
of instrument; (2) coil lock minimizing 
suspension breakage while galvanometer 
is being moved about; (3) high-ratio 
worm drive for adjusting angular posi- 
tion of mirror; (4) leveling base hous- 
ing light-source transformer. Full G-M 
line now includes five galvanometers, for 
“practically every need.” Three have 
current sensitivities of 0.0005, 0.003 and 
0.0025 microamp./mm. deflection at 1 m. 
scale distance; two have undamped bal- 
listic sensitivities of 0.0015 and 0.015 
microcoulombs/mm. at 1 m. The latter is 
particularly suitable for use as a flux- 
meter. All are finished in black crystal 
enamel and white plate. 





Totalizing Demand Meter 


Westinghouse Elec. & Mfg. Co. 
YPE WA ac. Totalizing Demand 
Meter is designed for use with one 
or more watthour meters equipped 
with the Type QD Contactors (see be- 
low). Intended primarily for use with 
a-c. watthour meters, but can be used 
with a combination of d-c. and a-c. watt- 
hour meters where it may be desired to 
totalize the demand on both d-c. and a-c. 
circuits. A-c. supply is necessary for the 
timing motor. Totalizing mechanism com- 
prises demand pointer gearing and tim- 
ing motor gearing, plus a notching relay 
and the timing motor. Demand pointer 
gearing, connected to ratchet shaft of 
notching relay, is therefore actuated and 
controlled by impulses from the watt- 
hour meter or meters equipped with QD 
contacts connected in series with this 
notching relay. Demand pointer, ad- 
vanced by a pointer pusher driven by 
demand gearing, remains by friction at 





the point of maximum demand until 
manually reset to zero. At end of each 
time interval, pointer pusher is returned 
to zero position, energy required for this 
being stored in a reset spring during 
time interval by timing motor. At end of 
time interval, reset mechanism is tripped 
by timing motor and pointer pusher is 
driven back to zero through a friction 
clutch. 

Timing element consists of a 600 r.p.m. 
sub-synchronous motor. Notching relay 
or impulse motor, of quick-acting type 
(about 1/25 sec.), operates on 30 volts 
d.c. also obtained from the a-c. supply 
line through a resistor and a Rectox 
unit. In the WA meter, a resistor of ap- 
prox. 3750 ohms is connected directly 
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across the 120-volt a-c. supply source. 
Taps are taken off to provide 30 volts 
for the notching relay which, being con- 
nected in series with the QD contacts, 
makes it unnecessary to have a separate 
supply source for these. Maximum de- 
mand pointer of register shows totalized 
maximum demand over a predetermined 
time interval. Its gearing and the reset 
mechanism of the new meter are same 
as employed in Type DR demand reg- 
ister. Scale is 300° (100 divisions) and 
gearing is so arranged that 200 impulses 
will cause maximum demand pointer to 
advance from zero to full scale. 





Transmitting Contactor 
Westinghouse Elec. & Mfg. Co. 


OR transmitting impulses from one 
or more watthour meters to a suit- 
able impulse-operated demand meter 
(such as Type WA). Quick-acting char- 






acteristic of new 
“QD” contactor 
makes it possible 
to totalize demand 
on two or more 
circuits by  con- 
necting contact 
mechanisms of sev- 
eral watthour me- 
ters in series with 
operating coil of 
the quick-acting 
demand meter. It is necessary to ar- 
range gearing and cams so that, for a 
given installation, impulse value in kw. 
will be the same for each contact device. 
Principle differs from that of ordinary 
demand contacts in that new QD con- 
tact has a quick-break feature which 
permits series connection of several con- 
tact devices without causing a loss of 
impulses due to their simultaneous oc- 
currence (time required for operation 
being approx. 1/25 sec.). A shaft carry- 
ing two cams is driven from an extra 
pinion on the disk shaft of the watthour 
meter. Each cam operates a brush which 
carries a contact. A stationary brush 
carries a third contact. Stationary con- 
tact and one of movable contacts are 
connected in common to one side of im- 
pulse circuit. During cycle of operation, 
circuit is closed continuously except for 
an interval of 1/25 sec. in which con- 
tacts are opened to cause the demand 
impulse. Brushes and contacts are so ar- 
ranged that when moving contacts are 
not lifted by cams, the three contacts 
are closed. When cams lift movable 
brushes, contacts on these two brushes 
remain closed, keeping impulse circuit 
closed. The brush carrying movable con- 
tact not connected in common with sta- 
tionary contact, drops off cam an instant 
before other brush drops. This causes 
impulse circuit to be opened during in- 
terval required for one movable contact 
to drop away from other movable con- 
tact and make connection with stationary 
contact. An instant later, other brush 
drops off cam, bringing all three con- 
tacts back to the closed. This prevents 
circuit from being opened when cams 
again lift brushes. 


Folding Sling Psychrometer 


Precision Thermometer & Instru. Co. 
ONSISTS of two etched-stem lab- 
oratory thermometers 10” long. In 
“No. 426” the thermometers are 

graduated from 0° to 110° F. in %%° 

divisions; In “No. 428” 

the thermometers are of 

high precision laboratory 
grade graduated from 
25° to 40° F., in 1/10° 

divisions. Mounted on a 

flanged aluminum plate. 

Upper ends of thermom- 

eters terminate in “mush- 

room heads” which en- 
gage slots in plate and 

“head-clamps” attached 

to plate by round-head 

machine screws: arrange- 
ment permits dismount- 
ing and replacing ther- 
mometers, obviating the 
necessity of returning in- 
strument to factory for 
repairs. Aluminum grip 

of special design has a 

smooth long bearing 

swivel, and is_ pivoted 
against a spring snap in 

a stout yoke riveted to 

the aluminum plate. Alu- 

minum carrying case, spe- 4 

cial design, consists of a 4 

rectangular seamless 

drawn tube drawn over special dies 

made especially for this instrument. Psy- 

chrometer fits case with a freely sliding 
telescope fit. Case is provided with pro- 
vision for locking psychrometer in case. 

Overall length, 12”. 
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Timing Switch for Meter 


Testing 


Electrical Facilities, Inc. 
NTENDED primarily for use in test- 
ing of watthour meters, this device is 
also suitable for other electrical tim- 

ing operations. The “Uni-Snap_ Test 
Switch” has uni- 
form snap action 
when switching on 
or off, assuring op- 
erator of exact 
moment of start- 
ing and stopping. 
While contact is 
made and broken 
by rapid rotation 
of contact disk, de- 
vice differs from 
ordinary rotary 
switch in that 
rotary motion is 
produced by de- 
pression of a push 
button in direction 
of axis of rotor 
rather than by cus- 
tomary turning of 
rotor by means 
of a switch han- 
dle. When push 
button is depressed 
through 3/16”, rapid rotation of contact 
disk is accompanied by simultaneous 
axial motion of disk which wipes con- 
tacts and resets mechanism for next 
switching operation. This makes it pos- 
sible to switch on and off with the same 
finger and identical pressure, on one 
button. Switch case, combination of 
Bakelite and “soft tough rubber,” is 
resilient and yet possesses internal 
rigidity for proper alignment of mecha- 
nism. 









































MANUFACTURERS’ 
NEW LITERATURE 


in this department we list each month the printed 
matter issued by manufacturers. Unless otherwise 
noted, any of the items listed may be secured free 
upon application to the issuing firm. Manufacturers who 
_ not yet sent in their printed matter are invited 
‘0 do so. 





B361 Automatic Pump Controller, 4- 
page bulletin describes controller to 
maintain water in an elevated tank or 
standpipe between maximum and mini- 
mum levels. Minneapolis-Honeywell 
Regulator Co., Minneapolis, Minn. 

B362 Tritrol Regulator. Leafiet illus- 
trates a regulator which automatically 
varies the time of starting heating sys- 
tem in morning and of shutting it 
down at night. Jas. P. Marsh Corp., 
2073 Southport Ave., Chicago, Il. 

B363 Tubing Specialties. Leafiet de- 
scribes small draw-bench for drawing 
tubing for hypodermic needles, radio 
cathode sleeves, capillary and Bourdon 
tubes for industrial control equipment, 
etc. Summerill Tubing Co., Bridgeport, 
Montgomery Co., Pa. 

B364 Surveying Instruments. 1(4- 
page book (in English) describes the 
line of surveying instruments manu- 
factured by F. W. Breithaupt & Sohn, 
Kassel, Germany. 

B365 General Radio Experimenter. 
September-October, 1934, of this house 
organ contains an article’ entitled 
“Power Factor Measurements in Oil 
Analysis.” General Radio Co., 30 State 
St., Cambridge A, Mass. 

B366 Carborundum Brand Products 
in Finishing Microscopic Metal Speci- 
mens. Leafiet gives instructions on 
grinding and polishing of samples, spec- 
ifying products to be used. Carborun- 
dum Co., Niagara Falls, N. Y. 

B367 Wide Angle Lenses. Leaflet il- 
lustrates results obtained with B&L 
Wide Angle Lenses. Bausch & Lomb 
Optical Co., Rochester, N. Y 

B368 Self-Calculating Resistance 
Charts. Resistance values and asso- 
ciated data may be determined directly 
by means of a collection of self-calcu- 
lating resistance charts issued by the 
engineering staff of Hardwick, Hindle, 
Inc., Newark, N. J. Charts give rela- 
tions between resistance, voltage, cur- 
rent and power of any resistor or rheo- 
stat; are used by laying a straight- 
edge on any two known values and 
reading the unknown on a third scale. 

B369 The Alloy Pot. Vol. 2, No. 4 of 
this publication discusses the applica- 
tion of zine die castings to the manu- 
facture of a gasoline pump. New Jersey 
Zine Co., 160 Front St., New York, N. Y. 

B370 Metered Boiler Regulation, Bul- 
letin M describes the Askania system 
of automatic control for steam boilers. 
H. A. Brassert & Co., 310 South Michi- 
gan Ave., Chicago, III. 

B371 The Ferrogram,. October issue 
of this house organ discusses the “‘Con- 
tinuous Automatic Magnetic Inspection 
of Steel Bars, Tubing, Wire, etc.” Fer- 
rous Magnetic Corp., 110 Washington 
St., New York, N. Y. 

B372 Solving Industrial Crimes. Form 
No. 1304 mentions a specific application 
of a recorder to saving in power costs. 
Esterline-Angus Co., Indianapolis, Ind. 

3 Xacto Meters, Mailing piece il- 
lustrating the complete Xacto line of 
liquid meters. S. F. Bowser & Co., Ince., 
Fort Wayne, Ind. 

B374 Barcol Motors. Issue of October 
8 describes three interesting applica- 
tions of Barcol motors to special elec- 
trical instruments. Barber-Colman Co., 
Rockford, Ill. 

B375 Spray-Painting & Finishing 
Systems. Catalog “DC” covers, in con- 
densed form, complete spray-painting 
equipment. De Vilbiss Co., Toledo, Ohio. 

B376 Bakelite Review. Vol. 6, No. 3 
issue of this publication illustrates the 
application of Bakelite to several in- 
struments. Bakelite Corp., 247 Park 
Ave., New York, N. Y. 

B377 Reflectometer and Color Compa- 
rator. Circular 461 describes instru- 
ment for measuring the reflection co- 
efficient of paint. Henry A. Gardner, 
Washington, D. C. 

B378 Microscope and Camera. Mikro 
500 e is a 26-page bulletin in English on 
the Zeiss Neophot for magnifications 
from 4 to 2000 x. Carl Zeiss, Inc., 485 
Fifth Ave., New York, N. Y. 


B379 Ring Illuminator. 20-page book- 
let in English, showing results obtained 
with the ring illuminator in the photog- 
raphy of opaque objects. E. Leitz, Inc., 
60 East 10th St., New York, N. Y. 

B380 Photomicrographic Cameras. 
Two leaflets describe three photomicro- 
graphic cameras for use with standard 
desk style microscopes. Spencer Lens 
Co., 19 Doat St., Buffalo, N. Y. 

B381 Electric Governor Controlled 
Motors. Section 2040 illustrates several 
types of single phase, d.-c., electric 
governor-controlled motors. One appli- 
cation illustrated is the Kirby Timer, 
an instrument used in timing major 
airplane and athletic events. Bodine 
Electric Company, Chicago, III. 

B382 Phase Sequence Indicator, Bul- 
letin describes an instrument to elimi- 
nate the frequent losses due to wrong 
“phasing in” by utility company line 
crews. Electrical Facilities, Inc., 3712 
San Pablo Ave., Oakland, Calif. 

B383 Meter Testing Equipment. Bul- 
letin covers a meter testing bench for 
watthour meters. Electrical Facilities, 
Inc., 3712 San Pablo Ave., Oakland, 
Calif. 

B384 Glossmeter. Circular 456 de- 
scribes an instrument which measures 
the gloss of various types of finishing 
materials. Henry A. Gardner, Washing- 
ton, D. C, 

B385 Precision Multiplier. Catalog 
4210 describes and illustrates a 6-range 
multiplier for use with a milliammeter. 
Morrill & Morrill, 30 Church St., New 
Fork, N;. ¥. 

B386 Pressure Recording Instruments. 
Bulletin 834 describes the three types 
of measuring elements: Sylphon type, 
Bourdon tube type and Piston type. 
Esterline-Angus Co., Indianapolis, Ind. 

B387 Minute Minder. Direct mail 
piece describes a timer available in 2 
styles: 60-minute dial and 15-minute 
dial. Walser Automatic Timer Co., 
Chrysler Bldg., New York, N. Y. 

B388 Vitameter A. Publication No. 
191/5 illustrates an apparatus for meas- 
uring the vitamin A content of cod 
and other fish liver oils and foodstuffs. 
Adam Hilger, Ltd., 98 Kings Road, 
Camden Road, London, England. 

B389 Industrial Measuring Instru- 
ments. 40-page catalog Fe 140e, (in 
English) illustrates measuring instru- 
ments manufactured by Zeiss. George 
Scherr Co., 128 Lafayette St., New 
York, N. Y. 

B390 Dilatometer. List Metallo B No. 
7262 is a 40-page booklet entitled 
“Thermal analysis of metals by means 
ofthe automatically recording dilatom- 
eter.” E. Leitz, Inc., 60 East 10th St., 
New York, N. Y 

B391 Graphite Surfaces and Lubrica- 
tion. Technical Bulletin J220 discusses 
benefit of adding colloidal graphite to 
oils used for lubrication. Acheson Col- 
loids Corp., Port Huron, Mich. 

B392 Industrial Cable, 128-page Bul- 
letin GEA-1838 describes and lists all 
standard types of insulated wire and 
cable. General Electric Co., Schenec- 
tady, N. Y. 

B393 Workbench, 4-page leaflet illus- 
trates a workbench for the home or 
small shop. Calibron Products, Inc., 51 
Lakeside Ave., West Orange, N. J 

B394. Hygrometers, Psychrometers, 
Meteorological Thermometers, Barome- 
ters, and Rain and Snow Gages. 40- 
page Bulletin H gives description and 
prices of the following in addition to 
the above: hygroscopes, sling psy- 
chrometers, ventilated hygrometers, 
meteorological thermometers, Sixe’s 
thermometers, self-registering  ther- 
mometers, soil thermometers, indoor 
and outdoor thermometers, orchard and 
orchard alarm thermometers. Precision 
Thermometer & Instrument Co., Phila- 
delphia, Pa. 

B395 Stirrer. Bulletin 1202 covers a 
new laboratory stirrer, together with a 
complete line of stirrer accessories. 
American Instrument Co., 774 Girard 
St., N.W., Washington, D. C. 

B396 Microscope Record. September 
1934 issue contains the following arti- 
cles: Microscopical Mineralogy; The 
Oedogoniales; The Non-silicious Basis 
of Diatom Structures; Dr. Henri van 
Heurck. W. Watson & Sons, Ltd., 313 
High Holborn, London, W.C.1, England. 

B397 Cubicle Switchgear. Bulletin 
GEA-1137B describes the indoor a.c. 
cubicle switchgear with manually or 
electrically operated breakers up to 
15,000 volts and 2000 amperes. General 
Electric Co., Schenectady, N. Y. 


B398 Switches, Bulletin GEA-1327A 
is on Indoor Disconnecting Switches 
with Silver Line-pressure Contacts. 
Bulletin GEA-1585A: High-voltage 
Magnetic Switches, Oil-immersed. Gen- 
eral Electric Co., Schenectady, N. Y. 

B399 Profile Contour Projectors. 28- 
page bulletin describes these projectors 
for inspection and measurement of con- 
tour forms. E. Leitz, Inc., 60 East 10th 
St., New York, N. Y. 

B400 Optical Instruments. 60-page 
catalogue briefly describes all the opti- 
cal instruments for laboratory and 
workshop in metal producing and metal 
working industries. E. Leitz, Inec., 60 
East 10th St., New York, N. Y. 

B401 Smoot Regulators. Catalog No 
S-10 contains complete data covering 
the application, principle of operation 
and construction of Smoot regulators 
24 pages, excellently printed and bound 
Smoot Engineering Corporation, 2240 
Diversey Parkway, Chicago, Il. 

B402 Plasties. 26-page bulletin, “A 
Ready Reference for Plastics,” is a 
compilation of data on pheno formalde- 
hyde resins, laminated and cast; casein; 
cellulose acetates; hard rubber; shellac; 
and urea base molding compounds. This 
is an excellent reference book for all 
those who use such materials in molded 
shapes. Boonton Molding Company, 
Boonton, N. J. 

B403 Hydrometers. “Blue Book Part 
2” is an 8%x11” 16-page descriptive 
catalogue of standardized ‘“Durac"” hy- 
drometers, thermo-hydrometers, ther- 
mometers and accessories, arranged by 
industries: refining, sugar, dyeing, tan- 
ning, distilling, etc. Also contains use- 
ful tables. H-8 Instrument Co., 2516 
N. Broad St., Philadelphia, Pa. 

B404 Relays. “Weston Relays” is title 
of a new 12-pazge bulletin now being 
distributed by the Weston Electrical 
Instrument Corp., Newark, N. J. On its 
pages are grouped comprehensive lines 
of sensitive, toggle, polarized, power 
and time delay relays. The bulletin 
might well be termed a complete sum- 
mary of over 30 years’ experience in 
the development and manufacture of 
relays. 

B405 Recording and Controlling In- 
struments for Humidity and Drying 
Processes. 32-page Bulletin 188, “A 
Complete Humidity Instrumentation.” 
The following instruments are covered: 
relative humidity recorder, relative 
humidity and temperature recorder, 
relative humidity controller, close- 
coupled psychrometer, long distance 
psychrometer and the Kilnboy. Fox- 
boro Co., Foxboro, Mass. 

B406 Heavy Duty Air Circuit Break- 
ers. 14-page Catalog No. 5 covers type 
HD air circuit breakers for 5 to 10,000 
amps., 750 volts a.c., 600 volts d.c., giv- 
ing complete details. Roller-Smith Co., 
233 Broadway, New York, N. Y. 

B407 Photoelectric Cells. 6-page fold- 
er gives electrical and mechanical data 
on Cetron Cells for use with instru- 
ments, controls and sound equipment 
Continental Electric Co., St. Charles, Il. 

B408 Ultraviolet Photomicrography. 
8-page folder discusses a simple and 
easy means of making photo-micro- 
graphs in the ultra violet. Specifications 
and prices of optics and other aeces- 
sories are listed. Bausch & Lomb Op- 
tical Company, Rochester, N. Y. 
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'f” [the pipe line flow factor]. By For- 
rest M. Tow. Privately printed. New 
York, 1934. Cloth, 6x9%4 inches, 52 
pages extratextual charts. 

For nearly half a century the name 
Tow! has stood for brilliant engineer- 
ing achievements in the transportation 
of fluids through pipes. It is for the 
next generation of pipe line engineers 
that the distinguished author has writ- 
ten this book and has had it hand- 
somely printed and bound; but he as- 
sures us that copies will also be avail- 
able (as long as the supply lasts) for 
any engineer interested in flow meters 
or pipe line work, provided such engi- 
neer submit evidence that he is familiar 
with the use of the flow formula and 
the Reynolds Number as it has been 
applied to that formula. The author’s 
address is 26 Broadway, New York, N.Y. 

The purpose of the book, as stated 
in Chapter I, is to consider the pipe 
line flow coefficient f in its relation to 
the steady flow of fluids through cylin- 
drical pipes and to the Reynolds Num- 
ber. In Chapter III, the author lays 
down certain propositions—as did Os- 
borne Reynolds, but with more data 
than Reynolds had in his time and with 
more daring than Reynolds had to have: 
Today among the thousands of engi- 
neers and physicists who use the clas- 
sic flow formulae in their daily work, 
there are few who dare hope for the 
emergence of simplified and _ unified 
formulae, applicable in the entire re- 
gion of turbulent flow of liquids and 
gases. This book not only represents 
such a unification but it includes large 
charts whereon /f is plotted against 
volume flowing—which the author re- 
ports being told “that this could not 
be done, that it was theoretically un- 
sound.” The propositions which the 
author lays down are six in number. 
The briefest is “Statement IV” and it 
also is the one which impressed itself 
most deeply in the reviewer's mind: 

The number of cubic feet of water flowing 
per hour through a smooth pipe one foot in 
diameter is one-fourth the Reynolds Number 
for the corresponding f. 

The author's unitary mathematica 
treatment may or may not be “sound.” 
That depends on what the critics mean 
by “sound”’—a subject which would 
take about three pages if one yielded 
to the temptation of writing a “high- 
brow” discussion. The reviewer will 
“go lowbrow” and state his conclusion 
in three words: Towl’s stuff clicks. 

The reason his formulae click is that 
his novel unitary scheme is based on 
the introduction of a factor for “pipe 
line specific viscosity” with water = 1. 
This coefficient y makes f applicable 
to all liquids and does away with the 
use of innumerable factors each for one 
liquid at one temperature—because ex 
vi termimt (in Statement II) yw is a meas- 
ure of that characteristic property of 
a fluid which is due to its inherent den- 
sity and viscosity. 

Now then, in the practical applica- 
tion of this new scheme we have to in- 
troduce numerical values, or we have 
to go by the charts attached to the 
book—which of course had to be drawn 
from numerical values. There is where 
soundness or unsoundness would show 
up. And it is reasonable to assume that 
aman with fifty years’ experience in 
pipe line work would not publish short- 
cut charts unless he knew from his 
records that all the values you take 
from these charts will prove correct 
when you have built your pumping sta- 
tion or pipe line or meter installation. 

M. F. Benar (2.5)-B- 

Tests on Volumetric Glassware. Me- 
TROLOGY DEPARTMENT, NATIONAL Puysicat Lap- 
oratory, Teddington, England, April 1934. 
Paper, 5% x 81% inches, 34 pages. 

The booklet covers the regulations 
governing tests of volumetric glass- 
ware: flasks, pipettes, burettes, gradu- 
ated pipettes, graduated cylinders, py- 
knometers, gas analysis apparatus, etc. 
No fundamental changes have been 
made from the preceding edition but 
several points have been dealt with in 
more detail.—Ricnarp Rimpacn (12.1)-B- 
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Power Plant Testing. By J. A. Moyer, 
McGraw-Hill Book Co., New York, 1934, 
Fourth edition. Cloth, 6x94 inches, 614 
pages. Price $5.00. 

This book is divided into twenty-five 
chapters, of which the first nine deal 
with instruments and instrum®ntation, 
flow of fluids, fuel and gas calorimetry 
and flue gas analysis, the next fifteen 
deal with the subject-matter of the 
A.S.M.E. Test Codes, the Testing of 
Hoists, Belts and Friction Wheels, and 
the Testing of Lubricants. The final 
chapter gives a summary of laboratory 
tests, useful to the laboratory teacher. 

Any writer dealing with the subject- 
matter outlined above is at once faced 
with the necessity of deciding to what 
extent the treatment shall lean upon 
the Test Codes and the Code Instru- 
ments and Apparatus of the A.S.M.E. 
It is true that some of the Test Codes 
are under revision, and that the Code 
on Instruments is not complete, but 
the binding together of what is pub- 
lished by the Society would in itself 
constitute a respectable reference book, 
for the practicing engineer, not for 
the student. The Codes assume, as they 
should, that they will be applied by 
trained engineers. Consequently in 
most cases formulas to be used are 
merely given in their final form, not 
generally derived. It is assumed that 
the book under discussion is primarily 
intended for the student. Hence, quite 
properly an attempt is made in the 
chapter on instruments to expand the 
mathematical treatment wherever ne- 
cessity seemed to dictate, while the 
Test Codes, in the interest of keeping 
the book within reasonable size, are 
generally abridged. The result of the 
compromise is a work upon the merits 
of which one may well be of two minds. 
In the reviewer's opinion the treatment 
on instruments could well have been 
further expanded, although it must be 
admitted that the essentials are there 
and that the treatment is clear and the 
illustrations good. The charge made 
against some of the former editions, 
that some of the instruments described 
are old, does not lie against this edi- 
tion, and in any case does not carry 
much weight, since the instrument field 
is constantly in flux. In detail, the pres- 
ent writer feels that, particularly in 
the chapter on Flow of Fluids, fuller 
treatment of some of the more fre- 
quently used methods of measuring 
fluids (Pitot tube, thin plate orifice and 
Venturi) would have been of benefit, 
particularly with reference to the var- 
iation of coefficients of discharge with 
varying conditions of flow. In _ the 
chapter on Calorimetry it is stated 
(page 241) that the steady flow calori- 
meter gives the higher heat value, while 
on page 242 this is properly contradicted 
and a good discussion given on the 
meaning of the terms higher and lower 
value. It is suggested that the heat 
value computed as outlined on page 
241 be called the calorimeter heat value. 
The reviewer is surprised that, as far 
as he is able to discover throughout 
the chapter on Calorific Value of Fuels, 
no reference is made to the revised 
figures for the calorific values of Car- 
bon and of Hydrogen, published in the 
International Critical Tables about 
1931. These values are given on page 
251 of the book as 146,000 B.t.u. and 
62,000 B.t.u. respectively, while the re- 
vised figures are 14,158 B.t.u. and 61,060 
B.t.u. With regard to Carbon this con- 
stitutes a difference of about 3%, 
certainly enough to cause any writer 
on this subject to make a critical ex- 
amination of the sources. 

As stated, the latter half of the vol- 
ume deals with the Test Codes _ in 
abridged form. The curtailment has 
been wisely done and the result is 
quite satisfactory for student use. The 
writer of the book has recognized cer- 
tain “opacities” in the Codes and has 
elucidated some of these places. This 
refers particularly to Chapter XIV 
which deals exclusively with methods 
for correcting turbine and engine test 
results to standard conditions, and by 
the use of practical examples helps to 
make clear the Code provisions. 

Of course, where guarantee tests are 
involved, recourse will in the last 
analysis have to be had to the Codes 
as published by the A.S.M.E. But for 
student use, requiring a drastic con- 
densation of a world of material in a 
very large field, if the book is to be 
kept within reasonable limits, the work 
must be considered satisfactory and a 
job well done.—H. Drepericus (1.2)-B- 





The Construction of Manually Oper- 
ated Seales (Die Konstruktion der von 
Hand bedienten Waagen). by Dr. M. 
Raupnitz, Bernh. Friedr. Voigt, Leipzig 
1934. Paper, 84%x11% inches, first sec- 
tion 40 pages, price (each section) 3.75 
R.M. 

The author states that this work is 
a complete revision and modernization 
of the German scale classic “Die Kon- 
struktion der Waage” by Brauer-La- 
waczeck. This first section comprises 
six chapters which discuss the underly- 
ing theories to be observed in the con- 
struction of weight determining de- 
vices. Equilibrium, sensitiveness, period 
of oscillation, the effect of out of level 
condition of a weighing machine and 
many other subjects are ably reviewed. 
If the succeeding sections are equal to 
the one published, the work should find 
a place in the library of every engineer, 
even though he is not directly inter- 
ested in the construction of scales and/ 
or weighing instruments. 

Cart J. ZinxkeE (11)-B- 

Thermionic Emission. By Arnotp L. 
REIMANN, John L. Wiley and Sons, New 
York, 1934. Cloth, 5%4x8% inches, 324 
pages. Price $5.50. 

Written by a member of the research 
staff of the (British) General Electric 
Co., Ltd., this book brings up to date 
under one cover the complete story of 
thermionic action. Its scope is limited 
to cathode emission effects only, and 
the viewpoint is that of the specialist 
in electronic phenomena—or of the re- 
search physicist. Since many modern 
technical developments have been based 
on thermionic emission this book may 
also prove of interest to those in that 
field whose efforts are now limited by 
certain tube deficiencies in such mat- 
ters as constancy, life, and tube noises. 

The author has included all theories 
that have been advanced on this sub- 
ject since the earlier work of Richard- 
son, together with an analysis of each. 
Many of the experimental data are in- 
cluded. Nearly all of the book is a re- 
view of published literature, although 
some original data hitherto unpublished 
are included. An extensive reference 
bibliography supports each chapter. 

Ratpu R. Batcuer (5.4)-B- 

Power Loss Check Chart and How 
114 Plants Made Power Savings. By 
the Editors of Factory Management and 
Maintenance and Davin Morrat Myers and 
N. Artsay. McGraw-Hill Publishing Co. 
New York, 1934. Wall chart, 39x 32 
inches. 

One side of the chart contains well- 
ordered and _ illustrated information 
(applicable to any power plant and 
even to purchased power). On the re- 
verse side are printed 114 short stories 
of power savings—many of these sav- 
ings being due to the proper use of 
instruments and meters. Subscribers to 
Factory Management and Maintenance re- 
ceived this chart with the October is- 
sue. There may be a few left by the 
time this review appears in print. 

M. F. Benar (1.2)-B- 
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INSTRUMENTS INDEX 


of instruments and devices for measurement, inspection 


lf you are unable to find what you require in this section of 
INSTRUMENTS—write Information Section, Instruments Publishing 





or control 


Company. Give complete information of requirements. 


AIR METERS 
American Meter Co. 
Bailey Meter Co 
George Sidney Binckley 
Bristol Co. 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
ALTIMETERS 
General Electric Co. 
Taylor Instrument Cos. 
ALTITUDE BAROMETER 
Taylor Instrument Cos. 
AMMETERS—Indicating 
General Electric Co 
General Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Weston Elec. Inst., Corp. 


General Electric Co. 
Pioneer Instrument Co. 
Boller-Smith Co. 
ANEMOMETERS 
Bristol Company 
Taylor Instrument Cos. 
ASPHALT TESTING 
APPARATUS 
Taylor Instrument Cos. 
ASTRONOMICAL 
INSTRUMENTS 
Bausch & Lomb Opt. Co. 


ATTENUATION NET- 
woR 


General Radio Company 

Ward Leonard Elec. Oo. 
AUDIO- ta Ae 

OSCILLATORS 

General medie Company 
BALANCES 

Roller-Smith Co. 
BALANCING MACHINES 

General Electric Co. 
BAROMETERS 

Bristol Company 

Taylor Instrument Cos. 
BATTERY TESTERS 

BRoller-Smith Co. 

Weston Elec. Inst., Corp. 
BEARING TESTERS 

Burgess Labs., Inc., C. F. 
BEATING TESTERS 

Testing Machines, Inc. 


i, ELEMENTS 
. Chace Valve Co. 


anaes INSTRUMENT 
Bailey Meter Co. 
Bristol Co. 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 


BOILER METERS 
American Meter Co. 
Bailey Meter Co. 
George Sidney Binckley 


BRAKE TESTING 
METERS 
Rawson Elec. Inst. Co. 


BRIDGES, ELECTRICAL 
Capacity, Inductance, Kelvin 
Resistance, Temperature, 
Wheatstone, Percent 
General Electric Co. 
General Radio Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Thwing Instrument Co. 


CABLE TESTERS 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 


CALORIMETERS 
American Meter Co. 


CAPACITANCE METERS 
General Electric Co. 


Weston Elec. Inst. Corp. 
CARBON DIOXIDE 
METERS 
Brown Instrument Co. 
Foxboro Co. 


weal ep AND 
HRONOMETERS 
Generet Electric Co. 
Radio Co 


CLINOMETERS 


GLOCKS—Gage Board 
Brown Instrument Co. 
Bristol Company 
Foxboro Co. 


Pioneer Instrument Co. 


coILs 
Resistance, Induetanee, 





Special 
General Electric Co. 
General 0 Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Ward Leonard Elec. Co. 


COIL TESTING EQUIP- 
MENTS 


General Electric Co. 
Kurman Electric Co. 
Roller-Smith Co. 
Thwing Instrument Co. 
COLORIMETERS 
Bausch & Lomb Opt. Co. 
General Electric Co. 
Thwing Instrument Co. 
COMBUSTION CONTROL 
EQUIPMENT 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Oo. 
Pioneer Instrument Co, 
COMMUNICATION 
MEASURING 
INSTRUMENTS 
General Radio Company 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 
COMPARATORS 
General Electric Co. 
COMPASSES 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
CONDENSERS—Eleetrieal 
General Electric Co. 
General Radio Co 


CONDUCTIVITY METERS 
Indicating, Recording, 
Controlling 

Rawson Elec. Inst. Co. 

Roller-Smith Co. 
CONTOUR MEASURING 

PROJECTOR 

CONTROLS, AUTOMATIC 
Combustion 

Bailey Meter Co. 
Condensation 

Bristol Company 

Taylor Instrument Cos. 
Damper 

Bristol Company 

Brown Instrument Co. 

Forboro Co. 

Pioneer Instrument Co. 

Taylor Instrument Coa. 

Wilbin Instrument Co. 


Feed Water 
American Meter Co. 
Bailey Meter Co. 
Bristol Co. 
Brown Instrument Co. 
Foxboro Co. 

Filter Rate 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Flow 
American Meter Co. 
Bailey Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 


Humidity 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 


Humidity & Temperature 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Taylor Instrument Cos. 
Wilbin Instrument Co. 


Lighting 
Weston Elec. Inst. Corp. 


Liquid Levet 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 


Pressure & Vacuum 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Pioneer Instrument Co. 
Taylor Instrument Cosa. 
Wilbin Instrument Co. 


Pyrometer 
Bailey Meter Co. 
Bristol Company 
Brown — Co. 
Foxboro C 
Taylor Testrement Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 








Rate-Velume 
American Meter Co. 
Foxboro Co. 
Refrigeration 
Bristol Company 
Brown Instrument Co. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Specific Gravity 
Bailey Meter Co. 
Tachometer 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Weston Elec. Inst. Corp. 
Temperature-Time 
Bristol Company 
Brown Instrument Co, 
Foxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Thermometer 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Foxboro Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Thermostat 
Bristol Company 
Brown Instrument Oo, 
Foxboro Co. 
Pioneer Instrument Co, 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Time 
Bristol Compa: 
Brown Instroment Co. 
Foxboro Co. 
Tavilor Instrument Cos. 
Wilbin Instrument Co. 
Vacuum 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Foxboro Co. 
Taylor Instrument Cos. 
Valve—Motor Operated 
Bristol Company 
Brown Instrument Co, 
Foxboro Co. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Voltage A.C. 
Ward Leonard Elec. Co. 
Water Level 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
COUNTERS—Magnetio 
Thwing Instrument Co. 
Revolution 
Bristol Company 
Brown Instrument Co, 
Pioneer Instrument Co. 
Stroke 
Bristol Company 
CUBIC FOOT BOTTLES 
American Meter Co. 
CURRENT RECORDERS 
Bristol Company 
General Electric Co. 
Roller-Smith Co. 
CYCLE CONTROLLERS 
Bristol Co. 
CYCLE COUNTERS 
General Radic Co. 


DEMAND METERS 
Gas 


Forboro Co. 
Electric: Indicating, Re- 
cording, Printing 

General Electric Co. 
DIMMERS 

Ward Leonard Elec. Co. 
DRAFT GAG ES—See Gages 
DYNAMOMETERS 

General Electric Co. 

Rawson Elec. Inst. Co. 

Weston Elec. Inst. Corp. 
EARTH CURRENT 

METERS 


Rawson Elec. Inst. Co. 
Roller-Smith Co. 
ELECTRIC TELEMETERS 
—See Remote Metering 
Equipment 
ELECTRIC WAVE FILTER 
SECTIONS 


General Radio Company 
ELECTRONIC METERS 
General Electric Co. 
General Radio Co. 
Rawson Elec. Inst. Co. 


FAULT FINDERS 
Roller-Smith Co. 
Weston Elec. inst. Corp. 

FIELD RHEOSTATS 
Ward Leonard Elec. Co. 

FLASH & BUKNING 

POINT TESTERS 
Taylor Instrument Cos. 

FLOW METERS 

Indicating 
Bailey Meter Co. 

George Sidney Binckley 
Brown Instrument Co. 
Pioneer Instrument Co. 

Indicating & Recording 
American Meter Co. 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument 
Foxboro Co. 

Pioneer Instrument Co. 

Taylor Instrument Cos. 
Integrating & Reeording 

American Meter Co. 

FLUE GAS ANALYZERS 
Brown Instrument Co. 

FLUXMETERS 
Rawson Elec. Inst. Co. 

FOLDING ENDURANCE 
TESTERS 
Testing Machines, Inc. 

FOOT-CANDLE METERS 

Weston Elec. Inst. Corp. 
FREENESS TESTERS 
Testing Machines, Inc. 


FREQUENCY METERS 
Indicating 
Genet Electric Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 


Recording 
Bristol Company 
Genera! Electric Co. 


Strain 
General Electric Co. 
Vacuum 
General Electric Co. 
Taylor Instrument Cos. 
Volume 
Americau Meter Co. 
Brown Instrument Co, 
Foxboro Co. 
Wind 
Bristol Company 
Brown Instrument Ca 
GALVANOMETERS 
American Meter Co. 
Brown Instrument Co. 
General Radio Co, 
Rawson Elec. Inst. Co, 
Roller-Smith Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Weston Elec. Inst. Corp. 
Mirrors 
Fish-Sehurman Corp 


GAS ANALYTICAL 
METERS 


Eleetrical 
Brown Instrument Co. 
GAS FLOW INDICATORS 
American Meter Co. 
George Sidney Binckley 
GAS LEAK INDICATORS 
Taylor Instrument Cos. 


GAS-METERS 
American Meter Co. 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Co. 
Foxboro Co. 


Dry Test 

American Meter Co. 
Wet Test 

American Meter Co. 


GOVERNORS 


INSULATION TESTING 
EQUIPMENT 
General Electric Co. 
Rolier-Smith Co. 
KEYS AND SWITCHES 
General Kedio Co. 
sag ent ofl tai 
Fish-S« 
LABURATORY. ‘RHEO- 
STATS 


General Radio Company 
Ward Leonard Elec. Co, 
LACTOMETERS 


Taylor instrument Cos. 
LENSES 
Bausch & Lomb Opt. Co. 
LEVELS 
Engineer's, Wye, Preeision 
Prism 
Taylor Instrument Cos, 
ig SOURC ES 
! = nm ¢ tT 
Liquio LEVEL 
RECORDERS 
American Meter Co. 
Bailey Meter Co 
George Sidney Binckley 
Bristol Company 
Brown Instrument Co. 


Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 


MAGNETIC INSPECTORS 
Kurman Electric Co, 

MAGNETIC RELAYS 
Kurman Electric Co. 
Roller-Smith Co 


Ward Leonard Elec. Co. 
MAGNETOMETERS 
Roller-Smith Co. 


MANOMETERS 
Bailey Meter Co 
George Sidney Binckley 
Bristol Co. 
Brown Instrument Co. 
Foxporo Co. 





FUSE 





Instrument Fuses, also Auto, Radio, High Voltage, 
Aircraft, Neon lotential Fuses and Indicators 
Send for catalog 


LITTELFUSE LABORATORIES 


4513 Ravenswood Ave. 


Chicago, I. 





Standards 
General Radio Co. 

FRITTED GLASS 
Fish-Schurman Corp 

FURNACE CONTROLS 
Bailey Meter Co. 
Bristol Company 
Taylor Instrument Cos. 
Wilbin Instrument Co. 


GAGES 
Absolute Pressure 
American Meter Co. 
Bristol Company 
Brown Instrument Co, 
Foxboro Co. 
Taylor Instrument Cos. 
Differential Pressure 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co, 
Taylor Instrument Cos. 
Draft 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Drill 
Bausch & Lomb Optical Co. 
Flow 
American Meter Co. 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Co. 
Liquid Level 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co, 
Taylor Instrument Cos. 
Paper Thickness—Con- 
tinuous 
Thwing Instrument Co. 
Pressure 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Pressure-Temperature 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Pressure & Vacuum 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Foxboro Co. 
Taylor Instrument Cos. 


Rain 
Taylor Instrument Cos. 

Reeording—Distance 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 


Pressure 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Taylor instrument Cos. 
Pump 
Ratiley Meter Co. 
Taylor Instrument Cos. 
GRAVITOMETERS 
American Meter Co. 
George Sidney Binckley 
Thwing Instrument Co. 
GROUND DETECTORS 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
HARDNESS TESTERS 
Testing Machines, Inc 
HIGH FREQUENCY 
APPARATUS 
General Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
HIGH VOLTAGE 
Indleators 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Weston Elec. Inst. Corp. 
Measuring Devices 
General Electric Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Weston Elec. Inst. Corp. 
Testing Devices 
General Electric Co. 
HOUR COUNTERS 
Weston Elec. Inst. Corp. 
HUMIDITY CON- 
TROLLERS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Taylor Instrument Coa. 
Wilbin Instrument Co. 
HUMIDITY RECORDERS 

Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
HYDROMETERS 
Taylor Instrument Cos. 
HYGROMETERS 
Brown Instrument Co. 
Forboro Co. 
Taylor Instrument Cos. 
ILLUMINOMETERS 
Weston Elec. Inst. Co. 
INDICATORS—See Gages 
INDUCTANCES 
General Radio Co. 
eet og CALIBRA- 
N AND REPAIRS 
ma... Elec. Inst. Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
INSTRUMENT TRANS- 
FORMERS 
General Electric Co. 


Roller-Smith Co. 
Weston Elec. Inst. Corp. 


Split Core 
Roller-Smith Co. 


MASTER CLOCKS 

General Electric Co. 
MEGOHMMETERS 

General Radio Co. 

Roller-Smith Co. 
MEGOHM VOLTMETERS 

Roller-Smith Co. 

Weston Elec. Inst. Corp. 
MICROAMMETERS 

General Electric Co. 

Rawson Elec. Instru. Co. 

Roller-Smith Co. 

Weston Elec. Inst. Corp. 
MICROFARADMETERS 

General Radio Co, 

Roller-Smith Co. 

Weston Elec. Inst. Corp. 
MICROMETERS 

Testing Machines, Inc 
MICROSCOPES 
Biological 

Bausch & Lomb Opt. Co 
Brinell 

Testing Machines, Inc 
Measuring 

Bausch & Lomb Opt. Co. 
Metallographie 

Bausch & Lomb Opt. Co. 
Petrographical 


Bausch & Lomb Opt. Co, 
MICROTOMES 

Bausch & Lomb Opt. Co. 
MILLIAMMETERS 


Bristol Company 
General Electric Co. 
General Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
MILLIVOLTMETERS 
Bristo] Company 
Brown Instrument Co. 
General Electric Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Weston Elec. Inst. Corp. 
MIRRORS 
Bausch & Lomb Opt. Co. 
MODULATION METERS 
General Radio Co 
Weston Elec. Inst. Corp. 
MOISTURE METERS 


MOTION RECORDERS 
Mechanical 
Bristol Company 
Foxboro Co. 
MOTOR STARTERS 
Roller- Smith Co 
Ward Leonard Elec. Co. 
MULTIMETERS 
Rawson Elec. Inst. Co. 
Shallcross Mf«. Co. 
MULTIPLE PEN 
RECORDERS 
Bristol Co. 
Foxboro Co 
MULTIPLIERS 
General Electric Co. 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
NOISE MEASURING 
SET 


8 
Burgess Labs., Ine., C. FP. 
General Radio Co. 
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OHM METERS 
General Electric Co. 


Bawson Elec. 
Boller-Smith =. 
Weston Elec. inst. Corp. 
OIL TESTING 
APPARATUS 
ey Eleetric Co. 
lor Instrument 


Cos. 
OPERATION RECORDERS 
mith Co. 


1 Company 
Brown Instrument Co. 
Foxboro Uo. 
Roller-Smith Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
ag nae FILTERS 
a ataan Corp. 
OPTICAL GLASS 
‘ish-Schurman Corp. 
OPTICAL PAR 


tadieating & Recording 
American Meter Co. 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Co. 
Foxboro Co. 

“re 

merican 


eter 
ompices, ADJUSTABLE 
American Meter Co. 


Meter Co. 
OSCILLATORS 
General Radio Co. 
Weston Elec. Inst. Corp. 
OSCILLOGRAPHS 


General Radio Co. 
Automatic 

General Electric Co 
Cathode 


Fish-Schurman Corp. 
PERMEAMETERS 

General Kiectric Co. 
PHOTO-ELECTRIC CELLS 

Genera! Klectric Co. 


Weston Kivo. inst. Verp. 
PNOTO-ELECTRIC 
COLOR ANALYZERS 
‘al Electric oy 


Towing Instrumen' 
PMOTO-ELECTRIC 
OR COMPARA. 


General Electric Co. 
Thwing Instrument Co. 
PHOTOGRAPHIC EXPOS- 

— METERS 
t. Corp. 
pMeToMeTERS - 


Bausch b Opt. Co. 
PUSTO-MiCROGRAPHIC 
Rawson Elec. Instru. Co. 
PITOT Ly METERS 

George Sidney Binckley 
-y ~)eo Co. 


Pioneer Instrument 
PLANIMETERS aa 


Instrument Co. 
Co. 





Brown Instrument Co. 
Rad 


at, ate Binck] 
ey ey 


POSITION RECORDERS 

Brown Instrument Co. 
Bristol Company 
Foxboro - 


Taylor Inst 
POTENTIOMETERS.. 


we 
Brown 5 hastrement Co. 
Genera! Electric Co. 
Thwing hyo Co. 
© 
Brown Instrument Co. 
Thwing Instrument Co. 





POWER FACTOR METERS 
General Electric Co. 
Roller-Smith Co. 

Weston Elec. Corp. 

PRESSURE RECORDERS 
American Meter Co. 
Bailey Meter Co. 

George Sidney Binckley 
Bristol Company 

Brown Instrument Co. 
Foxboro Co. 

Taylor Instrument Cos. 

PROCESS TIMING & 

SIGNALING IN- 

STRUMENTS 
Bristol Company 
Brown | ay eee Co. 


Taylor Instrument Cos. 


PSYCHROMETERS : 


ng 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Taylor Instrument Cos. 
Sling 
Taylor Instrument Cos. 

PYROMETERS 
Optical 
Pyrometer Instrument Co. 
Radiation 
indicating 
Brown Instrument Co. 
Pyrometer Instrument Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Reeording 
Brown Instrument Co. 
Pyrometer Instrument Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Thermo-electrie 
Immersion 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pyrometer Instrument Co. 
Roller-Smith Co. 
lor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
indicating 
Bristol Com 


pany 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Reeording and —_— 
Bristol Comps 
Brown Snstrement Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Surface Contact 
Bristol Company 
Brown Instrument Co. 
Pyrometer Instrument Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
PYROMETER CALI- 
BRATING SETS 
Thwing Instrument Co. 
RADIATION TUBES 
Pyrometer Instrument Co. 
RADIO poeseeeer 
OSCILLATORS 
General adio Company 
RADIO SET ANALYZERS 
Weston Elec. Inst. Corp. 
RADIO TEST PANELS 
Shallcross Mfg. Co. 
Weston Elec. Inst. Corp. 
RADIO TUBE CHECKERS 
Weston Elec. Inst. Corp. 
REGULATORS—See 
Controls 


RELAYS 
General Electric Co. 
Kurman Electric Co. 
Roller-Smith Co. 
Ward Leonard Elec. Co. 
Weston Elec. Inst. Corp. 


— Sensitive 


Roller-Smith Co. 
Weston Elec. Inst. Corp. 


Vaewum Contact 
Burgess Labs., Ine., C. F. 
Vaeuum Tube 
Burgess Labs., Inc., C. ¥. 
REMOTE METERING 
EQUIPMENT 
erican Meter Co. 


General Electric Co. 
Pioneer Instrument Co. 


RESISTORS 
General Radio Co. 
— -Smith Co. 


ihalicross Mfg. Co. 
Ward Leonard Elec. Co. 
RETICLES 
Fish-Schurman Corp. 
RHEOSTATS 


SACCHARIMETERS 
Taylor Instrument Cos. 
SCALES 
Basis Weight 
Testing Riachines, Inc. 
Thwing Instrument Co. 
Differential 
Thwing Instrument Co. 
SHUNT METERS 
Bristol Company 
Roller-Smith Co. 
SHUNTS 
Esterline- Angus Co. 
General Electric Co. 


Wwe 
SIGNALING DEVICES— 
Automatic 
Bristo 


Brown Instrument Co. 

Foxbore Co. 

Pioneer Instrument Co. 
SMOKE ALARMS 

Weston Elec. 
SPECIAL COILS 

Ward Leonard Elec. Co. 
SPECIAL ELECTRICAL 

INSTRUMENTS 
—_ Company 
rown Inst 


Trument 
General Electric Co. 
Co. 


Pioneer Instrument Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Shallcross Mfg. Co 


SPECIAL INSTRUMENTS 

Roller-Smith 

wing Instrument Co. 

SPECTROGRAPHS 

Bausch & Lomb Opt. Co. 
SPECTROMETERS 

Bausch & Lomb Opt. Co. 
SPECTROPHOTOMETERS 

Bausch & Lomb Opt. Co. 
SPECTROSCOPES 

Bausch & Lomb Opt. Co. 
SPEED INDICATORS 

See Tachometers 

SPEED RECORDERS 

Bristol Company 

Brown Instrument Co. 

Thwing Instrument Co. 
sa REGULATORS 

ard Leonard Elec. Co. 

STANDARD CELLS 

Weston Elec. Inst. Cerp. 
STRAIN GAGES 

General Fiectric 
STROBOSCOPES 

General Radio (Co. 
nay 0 RECORDERS 


Taylor Instrument Cos. 
SURGE INDICATORS & 
RECORDERS 
General Electric Co. 
SYNCHRONOSCOPES 
Weston Elec. Inst. 
Roller-Smith Co. 
SYNCHRONIZATION 
FORKS 
Electrical 
General Ra 
syNcwnoNous s WoTORS 


eral 
Pioneer tending Co. 
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774-776 Girard Street. N. W., 


RELAYS, SUPERSENSITIVE 


Operate on 4 ma. at 3 v.; B 


reak 1000 watts a-c. 


INSTRUMENT COMPANY, 
Washington, D. C. 


INC. 








REPAIR 


and Standardization 
all Kinds of Industrial Instruments 
on é . GORSO® co. 
ndianapolis 











HASLER SPEED 


In the last || months 1049 new users show the 
trend to truly ascertain efficient machine speeds 
in order to lower costs and increase profits. 


461 EIGHTH AVE. HASLER-TEL CO. New YorK.N.Y. 


INDICATORS 





TAORONET ERS 
Bail 
Brown rument Co. 
Roller-Smith Co. 


bi OSCOPES 
Instrument 


Brown 
TELEMETERS—See 
Remote Metering 
TELESCOPES 
Bausch & Lomb Opt. Co. 
bios ~~ bea (Huggen- 


ger 
TESTING MACHINES 
Testing Machines, Inc. 

Thwing Instrument Co. 
Bending 

Testing Machines, Inc. 
impact 
Testing Machines, Inc. 
Impact (very light load) 

Testing Machines, Inc. 

Thwing Instrument Co. 
Hardness 

Testing Machines, Inc. 
Magnetic 

Kurman Electric Co. 
Paper 

Testing Machines, Inc. 

Thwing Instrument Co. 
Penetration 

Thwing Instrument Co. 
Stiffness & Bending 

Testing Machines, Inc. 

Thwing Instrument Co. 
Stretch 

Testing Machines, Inc. 

Thwing Instrument Co. 
Tearing 

Testing Machines, Inc. 

Thwing Instrument Co. 
Tensile (very light load) 

Testing Machines, Inc. 

Thwing Instrument Co. 
Universal 

Testing Machines, Inc. 


THERMIONIC RECTI- 
FIERS 


General Electric Co. 
THERMO-JUNCTIONS 
(Electric 


Wet & Dry Bulb 


Co. 
Taylor Instrument Cos. 
Wiibin Instrument Co. 
THERMOSTATIC 
BIMETAL 
W. M. Chaee Valve Co. 
TIME METERS 
General Electrie Co. 
Weston Elec. Inst. Corp. 
TIME OPERATION 
RECORDERS 
Bristol Company 
Foxboro Co. 
TIME yon 
Bristol Com 


Brown instrament Co. 
Foxboro Co. 
TIME SWITCHES 
General Electric Co. 
TIMERS 
Rawson Elec. Inst. Co. 
TIMING DEVICES 
General Electric Co. 
TOTALIZING 
INSTRUMENTS 
American Meter Co. 
General Electric Co. 
TOTALIZING RELAYS 
Electric 
General Electric Co. 
TRANSFORMATION 
POINT RECORDERS 
Brown Instrument Co. 
TRANSFORMERS 
(Instrument) 
General Electric Co. 
General Radio Co. 
Roller-Smith Co. 
Weston Elec. Inst., Corp. 
TRANSITS 
Poeket 


Taylor Instrument Cos. 
TUNING FORKS— 
Electrically Driven 

General Electric Co. 

General Radio Co. 
TURBIDIMETERS 

Bausch & Lomb Opt. Co. 


Bataneea 

Bailey Meter Co. 
Brown Instrument Co, 
Foxboro Co. 

Taylor Instrument Cos. 
Blow-off 

American Meter Co. 

Diaphragm 


Taylor 
Differential 
American Meter Co. 

Electrically Operated 
Bristol Company 
Brown Instrument Co. 
General Electric Co. 


Co. 
Proportional Air-Gas 
American Meter Co. 
Redueing 
Bailey Meter Co. 
lor Instrument Cos. 


Foxbore Co. 

Taylor Instrument Cos. 

Wilbin Instrument Co. 
VENTURI METERS 

Bailey Meter Co. 

George Sidney Binckley 

Brown Instrument Ce. 

| ae Co. 

eer Instrument Co. 

viscosIMETERS 

George Sidney Binckley 

Fish-Schurman Corp. 

Taylor Inst. Companies 
VOLTAGE DIVIDERS 

—. Radio Co. 

eonard Elec. Co. 

VOLT_AMMETERS 

General Electric Co. 

Roller-Smith Co. 

Weston Elec. Inst. Corp. 
VOLTMETERS 
Electrostatic 

General Electric Co. 

Rawson Elec. Inst. 

Roller-Smith Co. 
Indicating 

General Electric Co. 

al Radio 
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THERMOREGULATORS For Precise Control 


cury-in-glass and Bimetal; Control to 0.02° C. 
INSTRUMENT COMPANY, 
774-776 Girard Street, N.W., Washington, D. C. 


INC. 








THERMO-VOLTMETERS, 
AMMETERS 


Weston Elee. Inst. Corp. 
THERMOMETERS 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 
Gas Filled 


Foxboro Ce. 
Taylor Inst. Companies 


Mereurial 
Bristol Company 
Taylor Instrument 


Resistance 
Brown Instrument Co. 
Foxboro Co. 
Thwing Instrument Co. 
Vapor - Tension 
Bristol Company 
Brown Instrument Co. 
Forboro Co. 
Taylor Inst. Companies 


U-TUBE MANOMETERS 
Bailey Meter Co. 
Brown Instrument Co. 
Taylor Instrument Cos. 
VACUUM RECORDERS 
Bailey Meter Co. 
Gaara Sidney Binckley 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Taylor Instrument Cos. 
VACUUM TUBE BRIDGES 
General Radio Company 
VACUUM TUBE RELAYS 
Burgess Labs., Inc., C. F. 

VACUUM TUBE 
VOLTMETERS 
General Electric Co. 

General Radio Co. 
Rawson Elec. Inst. Co. 
VALVES 
Automatic Shut-Off 
Bristol Company 
Brown Instrument Co. 
Forbero Co. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Back Pressure 
American Meter Co. 


Rawson Elec. Instru. Co. 


ing 
Bristol Company 
General Electric €o. 
Roller-Smith Co. 
Thermionie | ne apn 


General Radio 
WATE R ' ETE a8. 

Bailey Meter Co. 

George Sidney Binckley 

Brown Instrument Co. 

Foxboro Co. 
WATTHOUR METERS 

General Electric Co. 
WATTMETERS 
Indieating 

General Electric Co. 

Rawson Elec. Inst. Co. 

Roller-Smith Co. 

Weston Elec. Inst. Corp. 
Recording 

Bristol Company 

General Electric Co. 

Roller-Smith Co. 
WAVEMETERS 

General Radio Co. 
X-RAY SPECTROMETERS 

Bausch & Lomb Opt. Co. 








Announcing 
INSPECTION 
and TESTING 


A MAGAZINE WITHIN A MAGAZINE 


BEGINNING with 
the January 1935 issue of Jnstru- 
ments a section will be regularly de- 
voted each month to the subjects of 
inspection and testing. 
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TEN THOUSAND 
MILLION OHMS 


Measurements of insulation resistance, resistance 
of glass electrodes, high-resistance circuits, studies 
of behavior of insulation materials, are easily made 
on this bridge up to values as high as ten thousand 
megohms. 

The remarkable range 
of the Type 544 Megohm 
Meter, accomplished 
without high-voltage 
supply, results from the 
joining of bridge and 
vacuum-tube technique. 
A total scale length of 
44 inches is provided 
for the range of ten 
thousand to ten thou- 
sand million ohms. The 
scale is such as to pro- 
vide approximately con- 
stant fractional accuracy 
of reading. The instru- 
ment is direct reading. 





Type 544-A Megohm Meter Price $165.00 


Fully described in Bulletin EX-3306-1 


GENERAL RADIO COMPANY 


CAMBRIDGE A MASSACHUSETTS 











‘CHACE supplies the 
ACTIVE ELEMENT in our 


~AUTO-CHECK Drought 
CONTROL!" : 


AUTO-CHECK is made for home 

heating control purposes by: 

DELAMERE & WILLIAMS 
Limited 

Toronto Canada 









If your problem is a matter 
of automatically controlling 
temperature or one where 
it is desired that the slight- 
est change in temperature 
shall automatically work a 
switch, signal or control, 
then Chace Thermostatic 
Bimetal used as the active 
element will assure you reli- 


able and economical service. HERM 0 STAT| 


Sold in Sheets, Strips and in 
Shapes formed to own speci- 


fications. SU Bends with the 1 
Fn On On On Oe ee LO 


1609 Beard Avenue + + Detroit Mich 











STO PPED overlading motors 








¢ THE BRISTOL COMPANY, 


WATERBURY 


CONN, 





Above: Specimen chart obtained by Smeallie & Voorhees, Inc., Amsterdam, N. Y. with Bristol's Record- 
ing Ammeter, showing how load on driving motor fluctuates during beating cycle so rapidly that the 


resulting curve 


EFORE installing a Bristol’s Re- 
B cording Ammeter on the beater 
in their boxboard mill, Smeallie and 
Voorhees, Amsterdam, N.Y. had no 
way of checking the load on the 
motor driving the beater roli. Result 
—motor frequently overloaded and 
burned out; belts were ruined. 

Now, with Bristol’s Ammeter on 
the job, the operator continually has 
before him a 24 hour graphic record 
of current and its fluctuations. By 


am, Boston, 


roi 


Chicag 


s a solid line a half ampere wide, Right: Bristol’s Recording Ammeter, Model 640MF, 


watching this chart, he can alwayshold 
the load within safe limits. The beat- 
ing cycle, also, can be kept uniform, 

Bristol’s Ammeters tell a complete 
story of current conditions. They dis- 
close the initial inrush as well as the 
operating current under variable load 
conditions. Besides being widely used 
with power and lighting circuits, sub- 
station buses, transformers, grounded 
neutral, electric furnaces, ovens and 
signs, they are relied on for furnish- 


| and ruining helts 





ing valuable information in such 
applications as controlling the con- 
sistency of the mix in a motor-driven 
mixer or agitator. Also for regulating 
the quality of stock, such as wire 
drawn through a bench; or revealing 
the conditions of equipment like re- 
volving knives for cutting up raw 
material,—the duller the blades, the 
heavier the current on the driving 
motor, 
Write for Catalog 1502-C 


Denver, Detroit, Los Angeles, New York, Philadelphia, Pittsburgh, St. Louis, San Francisco 


THE BRISTOL COMPANY * WATERBURY ~*~ CONNECTICUT 
Branch Offices {kro R ] ton i 


BRISTOLS 


TRADE MARK REG S. PAT. OFF 











Live 


PIONEERS IN PROCESS CONTROL SINCE 1889 





